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Attempt ALL the following questions and problems: 


» Clarify your answer with the suitable sketches as you can. 

> Assume any missed data reasonably. 


The First question 


1 . 


The device shown in the figure is a practical form of magnet. It is cylindrical about a horizontal 
axis. The coil current carries a constant of 3.0 A. if the mmf in the iron is neglected, 
a- Compute the flux densities, in tesla, between the working faces of the center core and the 
plunger for gaps g - 0.25, and 0.5 cm. 

b- Compute the corresponding values of the coil inductance at two air gaps, 
c- If the current increased from 3 A to 6 A compute the corresponding values of the coil 
inductance at two air gaps. 


N=1000 
turns 
-A 


0.02 cm 


10 


12. *5 cm 


2 . 


hrs+ 


10 


+rri 


For a magnetic circuit that contains of a part of permanent magnet material and an air-gap, show 
how the magnet and air-gap dimensions affect the operating point. 


The Second question 

1 . 

A 3-phase 16-pole, star connected, alternator has 192 slots with 8 conductors per slot and the 
conductors of each phase are connected in series. The coil span is 150 electrical. Find the phase 
and line induced emfs, if the flux per pole is 64 mWb sinusoidally distributed and the machine runs 

at 375 r/min. 

2. 

Explain the dot convention employed to determine the polarity of the mutually induced voltages. 
Then show how it can be determined experimentally. 

3. 

Both analytically and graphically, show that balanced three-phase windings excited by balanced 
three-phase currents produce a single rotating MMF wave. 


Please Turn Over 
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Final EXAM 2015/2016 - First Term Energy Conversion (EPM21Q6) 


The Third question 

1. 

Determine the main dimensions, number of stator slots, number of turns per phase, and conductor 
cross section area of a 50 hp, 380 volt, 1450 r/min, 50 Hz, 3-phase induction motor star connected. 
Assume Specific magnetic loading = 0.5 tesla, specific electric loading =30000 A/m, efficiency - 
0.9 and power factor = 0.9. Winding factor = 0.955, current density = 3.5 A/mm and the ratio of 
core length to pole pitch is 1 .25. 

2. 

Using suitable clarifications of sufficient data, show the following: 

a) Solar cell characteristics 

b) Wind turbine characteristics 

c) Components of a photovoltaic generating system. 

d) A wind-energy-based generating system. 

The Fourth question 

1. 

With the aid of suitable mathematical relations, define what is meant by transformer and rotational 
vnltngfts Then show with explanation what is the type of voltages induced in 

a) The secondary of a transformer. 

b) The stator of a synchronous machine. 

c) The rotor of an induction motor. 

2. 

n,finp nn-pnergv Then derive in details how it can be used to obtain the force developed in a 
singly-excited electromechanical energy translational converter 

3. 

An electromagnet of 5 cm 2 cross-section area and 1000 turns coil is used to control a relay. The 
magnet has an air gap length of x. Assume that the reluctance of the iron parts is negligible. It is 
required to develop a constant force of 50 N: 

a) For a range of x < 5 mm, plot the relation between x and both the required current and 
corresponding stored energy 

h) If the coil current has not to exceed 2 A, what is the range of x? 

The Fifth question 

1. 

For a doubly-excited electromechanical energy conversion device ot cylindrical stator and salient- 
pole rotor: 

a) Sketch the space variation of self and mutual inductances. 

b) Derive a general expression for the electromagnetic torque acting on the rotor. 

c) Show all the possible electrical machines can be obtained. 

Hi For zero rotor current, show how to obtain the energy converted into mechanical form 
when moved from a position to another. In vour answer: 
i. Derive ALL necessary relations. 

ii Define the two positions for maximum mechanical energy. 

2 

A two-pole rotating electromechanical energy conversion device with double saliency is singly- 
exited via stator. The maximum and minimum stator winding self-inductances are 2 and 1 H 
respectively. The excitation current is sinusoidal of 50 Hz and 10 A (rms). Determine: 

a) Rotor speed that achieves non-zero average torque. 

b) An expression for average torque. 

ct The condition for maximum average torque. 


Good Luck and best wishes Prof. Essam Eddin M. Rashad and Dr. Abdehvahab Hassan 
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0 0 ) (25M) 

(a) Use Lagrange polynomial to find one root of cosh x + x — 3 = 0 
( b ) Deduce the form of Newton's divided difference low where 


F[x i+ i,Xi] 


_ vi+t - y* 


*1+1 - x i 

(c ) From the following table find 


and F[x i+2 x i+1; Xj] = 


F[ x i+2 , x i+t] ~F[ x i+i , x l3 

x l+2 -Xi 


X 

0 

0.5 

1 

1.5 

2 

2.5 

3 

f(x) 

2 

2.7 

3.1 

5.2 

7.2 

9 

11 


(i ) Find f(0.21), f(l. 1) and f(2. 55) 

(using Newton's and Stirlling methods) 

(ii ) D 2> 2 (Ricardson extrapolation) where D| j =f '(1) 

(iii ) f'(0) , f '(0.1) , f '(3) and f "(1) 


O (2) (25M) 

(a ) Deduce the recurrence form of Romberg algorithm 

4 m 1 

Rn,m+ 1 ~ ^ ^ Rn.m ~ _ - ^n-l,m 

2 2 

(b )Find an approximate value of / e x dx by using 

(i) Trapezoidal rule 

(ii) Simpson rule 

(iii) weddle method 

(iv) Find (Romberg extrapolation) 

(v) Gauss three-pionts 
O (3) (25M) 


( a) Deduce the truncation error form of Euler method for solving 

< K and use this form to find the 



df 

< M , 

d 2 y 


ay 


dx 2 


truncation error for y' = y + e x , y(0) = 1 with exact solution y = e x + xe x and 
h=0.2 
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(b) Tank T 3 contains initially 200 gal of water in which 160 lb of salt arc 
dissolved. Tank T] contains initially 100 gal of pure water. T 2 contains 
initially 100 gal of pure water . Liquid is pumped through the system as 
indicated, and the mixtures are kept uniform by stirring. Find the amounts 
of salt yi(t) , y 2 (t) and y 3 (t) in Ti, T 2 and T 3 Respectively at t = 0.6 use 
h=0.2 . 


10 


10 lb 


Fig. Tanks in Problem 

Q (4) (25 M 

(a) 

Let 6 , V, A and D be forward .backward, center and derivative operators. 
Show that 

(i) D=^sinh- 1 (^') 

(ii ) S"f i+ n = V n f i+n = A"f| 

2 

(b ) Use finite difference method to find the solution of Laplace equation 
u xx + u yy — 0 , with boundary conditions u(x,0)=x(l-x) , u(0,t)=l, 
u(l,t)=0 and u(x,l)=x(l-x) 

(c) Use Newtons backword formula to derive Adams-Bashfourth four-step 
Method then use it to find y(0.6) , h=0.2 for 
y' = yj 2x + y where y(0) = 2 



With my best wishes 


Dr: M.Shokry 
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(28 Marks) 


A. Write short notes on the following: 

i. Skin effect 

ii. Transposition of conductors 

iii. Balancer machines set 


h- 


4 m 


(6 Marks) 


T 

3 m 


O 


O 


6 m 


■o 


3 m 


B. A 50-Hz double-circuit 3-phase line is 
arranged as shown in Figure 1. The 
conductors are completely transposed and are 
of radius 1 cm each. Find, 

• The inductance per phase per km and 

the corresponding inductive reactance. Figure 1 

• The capacitance per phase per km and the charging current at 138 kV. 


O k ' 


■o e 


O' 


(12 Marks) 


C. A three-phase, 50 Hz transmission line has the following parameters per phase: resistance = 12 
fi, inductance = 63.66 mH and capacitance = 1.06 pF. Using the nominal T-method, calculate:- 

• ABCD constants of the line. 

• Sending end voltage, current, power, and power factor. 

• Transmission line efficiency and voltage regulation. 

• Draw the complete phasor diagram. 

The line supplies a balanced load of 50 MW at 132 kV and a power factor of 0.8 lagging. 

(10 Marks) 


mL 


(20 Marks) 


A. Compare the volume of conductor material required in 3-phase 4-wire system and 3-wire d.c. 
system assuming that: 

i. The amount of power P transmitted is the same 

ii. The voltage V at the consumer’s terminals is the same 

iii. The efficiency of transmission is the same 

iv. The area of X-section of neutral wire is the same of the outers. (5 Marks) 

B. Mention the different methods used to improve the voltage distribution over string insulators 

in overhead transmission lines. Which method is practically used? (5 Marks) 

C. A string insulator has 4 units and each unit has a safe working voltage of 15 kV. Find the 
maximum line voltage on which it can be operated safely and find the string efficiency. The ratio 
of self-capacitance to shunt capacitance of each unit is 8:1. Derive any expression used. 

(10 Marks) 


1/2 


Q3: (22 Marks) 

A. Derive an expression for the total power losses and the minimum voltage in a uniformly loaded 

distributor fed at both ends with equal voltages. (6 Marks) 

B. A single phase AC distributing feeder 1 km long has a total per conductor resistance and 
reactance of 0.1 and 0.15 ohm, respectively. At the far end, the voltage is 200 Volt and the 
current is 100 A at a power factor of 0.8 leading. At the mid-point, there is a load with a current 
of 100 A at a power factor of 0.6 lagging. All power factors are with reference to the voltage at 
load point. Calculate: 

i. The voltage at the mid-point 

ii. The voltage at sending end 

iii. The phase angle between the voltages at sending end and far end point 

iv. Draw the phasor diagram (8 Marks) 

C. Two-wire distributor AB is fed from both ends at 250 volt. The total length of feeder is 500 
meters and loads are tapped as follows: 100 amperes at C; 100 meters from A and 80 amperes 
at D; 250 meters from A. The distributor is uniformly loaded at 2 A/meter length from point B 
to point E at 200 meters from B. The resistance (go and return) per 1000 meters is 1 Ohm. 
Calculate the current in various sections of the feeder, the minimum voltage and the point at 
which it occurs in the system. Draw the load current, voltage profile and voltage drop diagrams. 

(8 Marks) 

Q4: (20 Marks) 

A. State the electrical and mechanical considerations for transmission line design. (4 Marks) 

B. Fill in the blanks by inserting appropriate words 

i. If sag in overhead line increases, tension in the line 

ii. A ring main distributor fed at one end is equivalent to fed at both ends with 

equal voltages. 

iii. The balancer machine connected to the heavily loaded side works as a 

iv. If the power factor of load decreases, the line losses 

v. A shorter string has string efficiency than a longer one. 

vi. The longer the cross arm, the the string efficiency. 

vii. If the spacing between the conductors is increased, the capacitance of the line is 

(7 Marks) 

C. Two towers having height of 50 meters and 80 meters support a transmission line at a river 
crossing. The transmission line has a span of 600 meters between the supports. The weight of 
the conductor is 2 kg/m length, area of cross-section is 2.5 square cm and the breaking stress is 
4200 kg/ square cm. Assuming that the ice weight is 0.5 kg/m length, find the minimum clearance 
level and the clearance at mid-way between the supports. The safety factor is 4. Bases of the 
towers can be considered the water level. 

(9 Marks) 

Good Luck 

Course Examination Committee: Prof. Ahmed Refaat 

Dr. Doaa Mokhtar 

Dr. Hossam A. Abd el-Ghany 
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Answer the following questions: Assume any necessary assumptions. Marks 

Question No. 1 ( 15 ) 

a) Define and explain with drawing: 

• Surface tension and capillarity. 

• Bulk modulus of elasticity of fluid. 

b) A 600 MW power plant burns coal 78.6 % C, 5.6 % H 2 , 9.3 % 02, 1.3 % N 2 , and 5.2 % 

S 2 . The coal has average moisture and ash fractions of 14 and 11 percent, respectively. 

This plant operates with thermal efficiency 38.5 %. An analysis of coal gives a higher 
heating value of 33160 kJ/kg. an orsat analysis of flue gas gives 13.78 % C0 2 , 4.49 % 0 2 
and 0.75 % CO and refuse coal is 0.1 195 kg/kgf. 

Find: 

1) The coal rate. 

2) The capacity of forced draught fan, in kg/s if the atmosphere conditions are 50 °C, 

0.942 bar, and relative humidity of 50 %. 

3) The capacity of induced fan in kg/s, if the exhaust gas is at 288 °C and 0.891 bar. 

4) The size of the motors required to driving the f-d and i-d fans in hp, if there is a 63 
cm water difference across each unit and mechanical efficiency of each fan 89 %. 

Question No. 2 (12) 

a) Draw and classify all pressure measuring devices. 


b) Water flows through the pipe contraction 
shown in Fig. For the given 0.2-m 
difference in the manometer level, 
determine the flow rate as a function of the 
diameter of the small pipe, D. 


Question No. 3 ( 13 ) 

a. An R-22 refrigeration system works between pressure limits 1.4 bar and 9.6 bar 

respectively. The refrigerant vapor leaves the evaporator in the saturated vapor state. 

The condensate leaves the condenser in just saturated liquid state. Find COP of the 
system. 

b. The velocity distribution for the flow of a Newtonian fluid between two wide, 
parallel plates is given by the equation 




r 




Where V is the mean velocity. The fluid has a viscosity of 0.04 Pa. s. When V= 2 m/s 
and h = 0.1 m determine: (a) the shearing stress acting on the bottom wall, and (b) the 
shearing stress acting on a plane parallel to the walls and passing through the 
centerline (midplane). 


Question No. 4 

A centrifugal pump deliver 0.2 m 3 /s discharge of the water from suction reservoir in to 
delivery reservoir. The static suction head 5 m blow the atmospheric pressure and static 
delivery head 1 8 m above the atmospheric pressure. Diameter of suction and delivery pipe 
is 20 cm and length of suction pipe 5.5 m and length of delivery pipe is 20 m. the friction 
factor of pipe material 0.04 m. Determine the shaft power input to the pump. Given pump 
efficiency 0.86. 

Question No. 5 

Find the critical radius of insulation for the pipe with the outer diameter 7 cm surrounded 
by asbestos K = 0.181 W/m °C and exposed to air at a temperature of 10 °C with h = 3.5 
W/m 2 °C. Also, find the heat losses from the pipe at 275 °C for the following cases: 

• Pipe with the critical radius of insulation. 

• Pipe without insulation. 

• Pipe with the critical radius of insulation + 1 .5 cm thick insulation. 

• Pipe with the critical radius of insulation - 1 .5 cm thick insulation. 


Question No. 6 

The clearance volume of an air compressor is 6% of the stroke volume. The pressure and 
temperature of the air during the suction stroke is 0.965 bar and 32°C respectively, and 
delivery pressure is 6.2 bar. The compressor has a bore of 120 mm a stroke of 152 mm. 
The compression and re-expansion curves follow the law PV1.25 = constant, and the 
atmosphere air conditions are 1.013 bar and 15.5 °C. Determine 

• The volumetric efficiency 

• The work done per kg of air. 


***Qood/lucb. Prof. Vr. Abd^Elndby E. K.abeeL** 
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Question 1 

10 Points 

Choose the correct answer for the followine statements: ('Verification of vour choice is A MUST 


when numerical data are given') 


(1) Plane z = 10 m carries charge 20 nC/m 2 . The electric field intensity at the origin is 

(a) -10a z V/m (b) -1871a* V/m (c) -72na 2 V/m (d) -36071a, V/m 

(2) Point charges 30 nC, -20 nC, and 10 nC are located at (-1,0,2), (0,0,0), and (1,5,-1) , 
respectively. The total flux leaving a cube of side 6 m centered at the origin is: 

(a) -20 nC (b) 20 nC (c) 10 nC: (d) 30 nC 

(3) A potential field is given by V = 3xy - 5y. Which of the following is not true? 

(a) The potential difference between point (2, -1, 4) and point (2, -1, -4) is zero. 

(b) At point (1, 0, -1), E vanish. 

(c) The electric field at (2,-1, 4) is 3 a x - a y V/m. 

(d) The potential at (0, 1, 0) is -5 V. 

(4) Which is not an example of convection current? , 

(a) Electric current flowing in a copper (b) A beam of moving charges 

(c) Electronic movement in a vacuum tube (d) An electron beam in cathode ray tube 

(5) The relaxation time of a material having o = 10 17 mho/m and e r = 5 is 

(a) 5><10' 10 seconds (b) 10 minutes (c) 15 hours (d) 51.2 days 

(6) A capacitor connected to a battery stores energy twice as much with a given dielectric as 

it does with air. The susceptibility of the dielectric is 

(a) 0 (b) 2 (c) 1 (d) 3 . 

(7) Identify the configuration in the figure that is not a correct representation of I and H 

(a) Configuration (b) Configuration (c) Configuration (d) Configuration 






H 




H 


( 8 ) 


(9) 


(1) (2) (3) (4) 

Two parallel wires carry currents along the same direction. The force experienced by 

one due to the other is 

(a) Perpendicular to the lines and (b) Parallel to the lines 

(c) Perpendicular to the lines and repulsive (d) Zero 

The flux through each turn of a 100-turn coil is (t 3 - 2 1) mWb, where t is in seconds. 
The coil induced emf at t = 2 second is 
(a) IV (b)-lV (c) 4 mV 

(10) Identify which of the following expressions is (are) 

varying fields: 

(a) V •; + dp v /dt = 0 (b) V ■ E = - dB/dt 

(c) V ■ D = p v (d) $H. dl = / (erg + sdE/dt) • ds 


(d) -4 mV 
not Maxwell's equations for time- 
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Question 2 


10 Points 


'tate true (V) or false (x) and correct the false statements 

(1) Both e 0 and x e are dimensionless. 

(2) The electric flux density on a spherical surface r = b produced by a point charge Q located 
at the origin is the same as that produced by a charge of the same value as Q but distributed 
over the surface r=a where a<b. 

(3) Inside a conductor, the electric field intensity is changes with the position. 

(4) A conductor is an equipotential body. 

(5) For a free-charged dielectric-dielectric interface, the tangential components of the electric 
flux density in the two materials are equal. 

(6) Faraday's law states that the line integral of the tangential component of H around a closed 
path equals the net current enclosed by the path. 

(7) An isolated magnetic pole exists. 

(8) The magnetic vector torque (T) on a current loop placed in a magnetic field is the vector 
product of its magnetic moment m and the magnetic flux density B. 

(9) For any solid cylindrical conductor, the magnetic field inside the conductor does not 
contribute to its total inductance. 

(10) Sometimes a voltage is induced across a conductor when it remains absolutely stationary 
within a steady magnetic field. 


uestion 3 


15 Points (1,3,3, [2, 2, 2, 2]) 


circular ring of charge with radius a lies in free space in the z = 0 plane, centered at the origin 

id has a uniform charge density of p L C/m. 

(a) What is the total charge of the ring 

(b) Find the electric field intensity at point A(0,0,/z) 

(c) Find the electric potential at point A 

(d) For p L = 5ne 0 C/m and a = 4 m. Calculate: 

(i) The magnitude of electric field intensity at 
point Pi(0,0,3) 

(ii) The force acting on a unit positive-charge placed at P 2 (0,0,-3) 

(iii) The work-done needed to move a unit positive charge from point Pi to point P 2 

(iv) If a point charge Qi is located at the origin, Find the value of Qi which produce 
the same field intensity of the ring at point Pi 
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Question 4 


15 Points (3, [4, 2], [3, 3]) 


(a) Starting with Gauss's law, deduce an expression for electric field intensity of a point 


charge 


(b) Consider the following charge distribution: i 

• a point charge of 1 OpC is located at r = 0, and 

• a uniform surface charge density of -lpC/m 2 at r = 2 

(i) Calculate the electric flux density D at r =1 and r = 3 

i 

(ii) What uniform volume charge density should; be 
established in the region 4 <r< 6 for D to vanish at r=7. 



Diameter = di 


(c) For the capacitor shown in the Figure. 

|4— 

H 

Find expressions for the following 

air pHI 

dielectric |lji 

h 

(i) the capacitance 


mJiyMlm v 

(ii) the energy density in each region 

k ►) 

1 Diameter = cfe 1 

Question 5 

16 Points (2, 4, 4, 2,2, 2) 


An infinitely long straight filament carries current of (I) lies ini tree-space along z-axis. 

(a) Use Ampere's law to obtain the magnetic field intensity and the magnetic flux density at 
point (0,4 meters, 0). 


(b) Determine the force exerted on the filament if the area surrounding it has a magnetic flux 
density of B = SL X — & y T. 

(c) Determine the mutual inductance between the filament and a single turn rectangular coil 
of sides a and b placed on the x-z plane with the one of the b sides lies along the x- axis 
between the points (x fl ,0,0) and (x 0 +b,0,0). 

(d) If the filament current varies sinusoidally with time as I m sin(o)t). 

(i) Find the emf induced in the coil as well as the integral of the produced motional 
electric field dot dl along the turn perimeter. 

(ii) Write the appropriate Maxwell's equation for the previous case in the integral form. 
Hence derive its differential form in not more than three steps of answer. 

(iii) If the relative permeability of the medium surrounding the filament is 50 and the 
filament carries a dc current /, determine the magnetic polarization (magnetization). 
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Question 6 


19 Points ([7, 2, 2], [2, 6]) 


radius r 


(n) Derive a formula for the resistance per unit length of the tube 


(a) Consider an infinite length hollow conducting tube of conductivity a x S/m carrying 
current / with a uniform current density as shown in the figure. 

(0 Apply Ampere's law to derive expressions for the magnetic field 
intensity everywhere and sketch the results as a function of the 

pfef 

(iii) The space 0 < r < b is now filled with a conducting material whose 

conductivity is cr 2 S/m. Current / in Ampere, flows through the area 0 <r< a with 

a constant current density. Derive a formula for the voltage drop across each unit 
length of the filled tube 


(b) A point charge of 4 tt£ 0 mC is located at point (10,-1, 1) in Cartesian coordinates in the 
presence of a perfectly conducting plane located at z=0 in free space. 

(i) Sketch the image equivalence and the electric field lines 

(") Calculate the electric field intensity, the electric potential and the surface charge 
density at (0,0,0). 


Wish you all the best 

Prof. Ahmed I. Shobair and Dr. Sherif Dabour 
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Answer All Questions; 


Question) 1 ) 

a) L'smii Gauss's law. Derive the electric flux density due to a uniform line charge distribution 
p,C'm lying along the > axis and extending from - x to + * 
h) Determine the electric field intensity E at point P(2,0,0) due to three standard charge 
distribution 

i ) A uniform surface charge at x - 2 m with p, = - 0 2 nC m‘ . 

ii) A uniform surface chatge at x = 5 m with p» +02 nC/m' 

iii) A uniform line charge at x 8 nt with pi = A nt m 

Ouestion(2) 

a) Derive the two chaiactenstics of the relationship between potential difference V and electric 
field intensity F al any poult Also write down the voltage giadient equation m spherical 
coordinates 

b) For the potential Field V 2 x : v 5 z in free space, evaluate at point !*(-■», 3.b) 

i) The potential 

ii ) The magnitude and direction of the electric held intensity 

iii) The elecluc flux density 

iv ) The volume charge density 

Ouestion(3) 

a) Aided with sketches derive the boundary conditions at surface separating two dielectrics 
having permittivities f. ; . E; Dcnve the relation between electric field intensities Ei and E : 
and electric flux densities Di and D; in terms of 6i . Ei , Ej . and 0: 

b) hind the relative permittivity of the dielectric material used in a parallel plates capacitor if 

i) The capacitance. C = 40 nF sepaiation distance, d — 0 1 mm. and surface area. S 0 15 in' 

ii) Electric field intensity, h. = 500 kV/m. and p. = 10 pC/nT 

iii) Eleciric flux density. D 50 pC'm 3 and the energy density is 20 J/m' 

Question! 4) 

a) Using Ampere's circuital law derive a mathematical expressions for the magnetic field 
intensity H from p 0 to p - x of an infinitely long coaxial transmission line carry ing a 
uniformly distributed total cutTcni I in the inner solid conductor and I in the outer hollow 
conductor, given that the inner solid conductor radius is h and the hollow outside conductor 
inner radius is b and its outer radius is C . where h ( b ( C Sketch H versus p from 0 to oo 

b| \ filamentary conductor carries current of 10 A is directed from infinity to the origin along 
the positive \ axis and then back out to infinity along the positive v axis Use Biot-Savart law 
to find the magnetic field intensity H at l’(0,0. 1 ) 
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Answer I hi- following six questions: 


4 - - 1 ljj I'l I ,L% 4 ■ \ 

^jV I ,%5L^rJ j / A u J aII ,>.>• 

Y..v/r..i J ^.u3i J jVi JULLil 


Q(l): For the circuit in Fig. Q 1 

a) Prove that V, - % V„ V, ) when — = ^ 

R, R> R fl 

Ri R 1 

b) For = ^ i. V h 4.0 V and V„ = 10 V, 

R„ R, 5 k 

what range of values for V, will result in linear 
operation? 


K 



Q<2): The voltage pulse described by the following equations is impressed across the terminals 
of 0..S pF capacitor: 

V(t) 0 t£0 
V(t) = 4t 0 < t < I 
V(t) 4c- ,lh lsts*> 

a) Derive the expressions for the capacitor current, power, and energy . 

b) Specify the interv al of time when energy is being delivered bv die capacitor, 


Q(.1): a) Deduce the current response for an RL circuit with step voltage source. 

b) The current source in the circuit generates the current pulse shown in Fig. ()2 
There is no energy stored at I = 0 

1- Derive the numerical expressions for v(t)forthe 
lime intervals t < 0. 0 < t < 40 ps. and 40 ps < t < x * n 

2- Calculate v(60 ps) and v(60’ ps) 


•sllllA) 


] 



0 40 

Fin QJ 

Q(4): The sw itch in the circuit shown in Fig. Q4 has been in position a for a long time, 
At t = 0 the switch is thrown to position b. Find 

a) V c lort>0 

b) i(t) for 1 > 0’ 



IOO K1J U i 

r'/A'.-S 


Q(5): The uncharged capacitor in the circuit shown in 1 ig. Q5 is initially switched to terminal 
a of the three position switch. At l 0 the switch is moved 
to position b. where it remains for 20 ms. After the 20 ms 
delay, the switch is moved to position c. where it remains 
indefinitely. 

a) Derive tile numerical expression for the voltage across 
the capacitor. 

tfi Plot the capacitor voltage versus time, 
c) When will the voltage on the capacitor equal 200 V ? 


v 


6 


50 

KtJ 


Fig Q5 


r 

j v - 


Q(6): The initial energy stored in the circuit in Fig. Q6 is zero. At t 0. a dc current source of 24 mA 
is applied to the circuit 

a) Whal is the initial value of 1 L and die dl ? 

b) What is the numerical expression for lift) when t > 0? 



rn 

: 100 

s 

' !1 mH 

1 

nh- 


Ktg. Q6 





-* u ''-* r : -r y ( <#j*S J)it CjV'— i; ) - 4J >11 

T • -V /l .' T ° y If.) JjJij ; mu!' j 

Answer the following questions > 

I -a) Consider the one — dimensional heat equation w, = u tl 
with the boundary conditions tt(0.f)=0 , (1,/ )=1 


- Ll al lo 

— V ^4' j '«*? *— i 

, 0< x< I , />() 


Compute the first two rows of the solution if h= 1 . *- 1 

3 18 

and the initial condition «(.t,0)=jc 

1 -b) Use Euler's method to find y at x =- 0.2 , 0.4, if y" = 4 yy' + x y , v = 2 
and /- 1 at .r=().l. 


5 2 

2 -a) Evaluate J ^ x correct to 6 decimal by using Simpson's rule . 


2- b) Fin d f (0.7 ) from the following readings 


X 

0.4 

0.6 

0.8 

1 



0 . 3799 

0.537 

0. 664 

0.7616 ! 


3 a ) Fit t he cu rve y a + hx t 0 the readings 


X 

0.5 

1.0 

1.5 

2 . 0 

2.5 

3 0 

y 

0.3 1 

o 

oc 

N» 

1 .29 

1. 85 

2.51 

3 .0 2 


and find the root mean square of the errors . 


3- b) Use the simple iteration method to obtain the smallest positive root 
ot die equation x 8.r +5 =0 correct to five decimal places . 

3-c } By the use of Gauss - Seidel method solve the system of linear equations 
5 *i ~ x 2 +3Xj = -2 , x, + 5 x, -2x, = 10 , 2x, -4 x } -t-10 x } - 6 


4-a ) To what degree of accuracy can we calculate yj 115 by means 

of Lagrange's interpolation formula for the function >•= -J~x if we choose 
the interpolation x„ =100, x, = 121, x 2 - 144 ? 


Marks 

30 40 

40 - 50 

50 - 60 

60-70 

cu ic:» uiall 

70-80 

No. ot St 

31 

42 

■sf 

35 

31 
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Question 1 

a) Explain how is eddy-current loss in transformers affected by 
magnitude and frequency of the applied voltage. How can it 
minimized? 

b) By giving rcason(s)ss*T #*»■*• •M-*' .^t-s mention what will happer 
the machine laboratory when the mechanical load is remo' 
completely while a dc series motor is running. 

c) Aided with ONE equation ONLY, suggest three methods for sp 
control of dc motors. State the effcct(s) of varying each parameter 
the speed. a' 4 

d) ( sing a variable frequency source to control the speed of a thi 
phase induction motor, if the voltage is kept constant, what will bt 
effect on the machine flux? What is (are) the limitations of freque 
reduction? Verify your answer with equation(s). 

e) Draw ONLY diagram(s) to show how the direction of rotation < 
squirrel-cage induction motor can be reversed. 

f) Draw coil connection diagram(s) of a phase of three phase indue 
motors to show how the number of poles can be changed. What et 
does this have on the operating speed. 

g) Suppose that, for a given excitation and load, a synchronous im 
draws a unity pf current. The load is then kept constant while 
excitation is increased. Aided with a phasor diagram, discuss 
change in the power factor and armature current. 

h) Aided with illustratinn(s), explain the basic construction and 
principle of operation of a selsyn. 

i) Aided with illustration(s), explain three applications of lii 
motors. 

Question 2 

The parameters of the equivalent circuit of a 150 kVA. 2400 -V/2- 
transformer, are ri 0.2 Ohm r> = 2 Ohms, j., = 0.45 Ohm u x, = 
Ohms, R>. = 10 k. Ohms. X m = 1.55 k. Ohms. Using the approxit 
equivalent circuit referred to the primars. determine the (a) vol 


regulation and the efficiency of the transformer operating at rated loa< 
with 0.8 lagging power factor. 

Question 3 

In a long-shunt compound generator, the terminal voltage is 230\ 
when generator delivers 150A. Determine i) the induced e.m.f. ii) tota 
power generated iii) distribution of this power, given that: shunt field 
series field, diverter and armature resistances are 92, 0.015. 0.03 and 
0.032 Ohms respectively. 

b) A 250- V, dc shunt motor draws d full-load line current of 100 A a< 
the rated speed of 1200 r/min. The armature circuit resistance R, is 0.1 
ohm and the field winding resistance is 250 ohm;. Determine (a) tht 
gross full-load mechan3ical power output, (b) tbe electromagnets 
torque developed at full load, and (c) the speed regulation, ir the no 
load armature-winding current is 10 A. 

Question 4 

A 2300-V, 3-phase, wye-cnnnectcd, round-rotor synchronous motoi 
has x, • 2 Qhm per phase and K a ■ 0.1 Ohm per phase. The motoi 
operates at 0.866 leading power factor while taking a line current o 
350 A. Find the rms value of the induced phase voltage, the powei 
angle, and the developed and maximum torque. 

Question 5 

A 3-phase slip-ring motor has negligible stator-winding resistance, tbs 
total leakage reactance referred to the rotor being 5 Ohms per phasi 
and tbe rotor-winding resistance 0.45 Ohm per phase. When runninf 
with slip rings short-circuited and exerting full load torque the slip i- 
3%. Determine (i) the external rotor resistance per phase to give ful 
load torque at starting, and (ii) the external rotor resistance per phasi 
to give a stable speed of 50% of synchronous speed with a torque o 
50% of full load torque. 
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I- a) Discuss the continuity of the function nz\ 


Re< .• > 

i+H 

0 


,.-*o 

,r = 0 


at r, = 0. 


h) State the polar form of Cauchy Kiemann equations and then prose that = n: ' . 

dz 

c) Show that uU,.v ■) - e‘ cosy is a harmonic function in the w hole plane , find a harmonic 
conjugate vtx.y (of u(x. \ I such that nut »is analytic. 


2- a) State without prove Cauchy integral theorem. (Jive an example to show that 

<j/lzkk = l) while f{z i is not analytic inside C . 

r 

b) Evaluate i f 7 " + .‘ dz .( z- 7=3. and f ' ' .fc. 

■ } t* ]»U- 9) >. -4) 

I 

c) Evaluate <1 + /i is the sum of the result roots equal zero?. 


3-a)Eind a series solution for the differential equation 4x> •' * 2/ + i = 0 . 
b) Prove that rt^l-V* . J,(x)-^ 2 sinr. 


c) Evaluate Jjr"(lmr)*<& , Jsin ‘M0. 

0 0 

4) a) Prove that Laplacian operator in the spherical polar co-ordinates take the form 


V ; I 


If" . dl 




t ft-'r 


. . (r‘— )» , (sill// — )+ — 

i rr f> r'siittfjVt 90 r \in J 0 

b| Deduce the Laplace equation in spherical polar co-ordinates into three ordinary 
differential equations. 
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'- 1.) Write the methods which used for measuring the active 
power in three phase circuit. 

2. ) Explain the suitable one of them for measuring the input 
power for unsymmetrical, three phase, star connected, 
inductive load. 

3. ) Explain how one can be measure the total reactive power of 
a three phase, symmetrical . della connected, capacitive load. 

T - I.) The transmission lines can be classified into; short, medium 
and long lines. Explain how can he calculated the performance 
of II- model line, in the laboratory. 

2.) If the results of the following table represents an actual 
measurement for medium line at full load. Calculate the line 
parameters (Z, R, \), efficiency and regulation. Use the II- 
modcl and assume A V = Vs — Vr . II It front the table. 


Is (A) 

Vs(v) Ps(w) 

lr (A) 

Vr < V) 

Pr(wj 

10.5 

227 2220 

10 

220 

1905 


r - l.)A d.c. ring distribution network has three loads. It is 
simulated in the laboratory by its equivalent circuit. Describe 
how determination the performance of this network at full load 
(i.e all loads are on the full ratings). 

2.) For a 2-wire ring line, shown in Fig.l, the measuring of 
sending current and voltage are 30 A. & 200 v„ the load 
currents at points 1, 2, 3 are 5 A.. 15 A., I0A. respectively. The 
resistance of line sections are equal (i.e Rsl R 1 2= R23 =R3s) 
and each section! go and return) has 0.1 12 . 

Find: (a) the current and power loss in its section, 
(b) the voltage of the nodes 1 , 2, 3. 


t- Explain how can study the potential distribution over a string 
of suspension insulator has four units in the laboratory, don’t 
use a guard ring. If Eph= 220 Kv, m=0.1. f=50 Ha. C=0.0l pF. 
Calculate the potential across the four insulation units and the 
maximum leakage current. 

( ’ * ‘ 1 tal J A— JxaJl J All I . 






AXSH’ER THE FOLOMNG QUESTIONS: 

| -a) Sketch the power-flow diagram for a DC motor and lor a DC generator ( label 
all losses ) . Also, discuss with a suitable drawing the manual starter for a t 
shunt motor. 

b) A 15 hp, 240 V. 1840 r.p.m shunt motor draws 52 A when operating at rated 
conditions. The resistance of the shunt field windings is 1 20 tl.and the resistance ot 
the armature is 0.4£2, Determine the no-load speed, assuming the total losses at 
no-load is 960W 


2-a) Show with the aid of suitable drawing the steady state speed and torque 
characteristics for shunt, series and compound motors. 

b) A 100 hp. 650 r.p.m, 240 V senes motor has an efficiency of 89.6 %when 
operating at rated conditions. The senes field has 15 turns pole and the 
equivalent demagnetizing mmf due to armature reaction is approximately 4 /<, 
o' the series mmf. The motor parameter arc: 

Armature Intcrpole Senes 


Resistance, (£2) 0.0202 0.00588 

The magnetization curve for the motor has the following charactcnstics 


MMF ( AT / pole ) 

1000 

2000 

3000 

4000 

15000 

6000 1 7000 

1 Flux density ( T ) 

1 0.24 

|0.50 

0.69 

0.83 

j 0.90 

0.96 1.00 1 


Determine the new speed if the load is reduced to a value that causes the 
armature current to be 40 % of rated current. 


3-a) State in detail the procedure for paralleling one DC generator with another that 
is already on the bus. Include in your statement the instruments observed and 
the equipment operated. 

b) Three 240 V DC generator are operating in parallel and taking equal shares of 
a 3000 A, 240 V bus load. The regulations as well as the ratings of the 


generators are: 

Generator 

A 

— 

B 

C 

Regulation % 

3 

4 

5 

B 

Rated power (Kw) 

400 

300 

200 


If the total load drops to 2000 A Determine: 

(i> New bus voltage. (ii) Current supplied by each machine. 


P.T.O 


Prove that for small DC motors having an output power = P, an efficiency - 
n and stray losses = 1/3 total losses, the armature power is given by 



Find the diameter and length of armature for a DC motor having the following 
data armature power. P, = lOOKw. speed - 900 rpm. Number of poles - -C 
The product of specific magnetic and electnc loading is related to diameter as 

follows: 


D (m) 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

Bav.ac 

5200 

9300 

12700 

15500 

18000 

20000 ' 


Take ratio of pole are to pole pitch = 0.86. and select the design which gives a 
square pole face. 

Prove that, for a cylindrical body, the moment of inertia is given by J = — (*>' L 


where p is the mass density. 

A control motor is required to operate form a 36 V DC supply and to provide a 

torque of 0.8 N.m at ISOr.p.s. The armature length is to be twice ot armature 

di am eter. 

(i) Estimate the main dimensions of the armature. The average air-gap 
density - 0.35 Web./m J and amper- conductors per meter - 8000. 

(ii) Assuming that the average density of rotor material is about 6000 Kg/rn . 
estimate the moment of inertia of the armature. It may be assumed that the 
moment of inertia of commutator, shaft and overhang is approximately equal 
to that of cylinder of magnetic material. 
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(iaptioa ft’Qi 1 (Mark is 5% of the total mark): 

Define using appropriate sketches: thermodynamic state, thermodynamic process, thermodynamic cycle, closed 
thermodynamic system and open thermodynamic systems 


OutrtQB 1 (Mark to 3% of the total mark): (Choose the correct answer, giving appropriate explanations) 
Clectiic heaters are commonly used for heating purposes. The energy transformed during this heating 

process is „7 ?.. . 

i) Heat energy. ii) Work energy 

iii) Internal energy iv) Both of i and li. 


Qjjeslign.No. i (Mark ■_» 9 t ( he total mark) : i Choose the correct answer, giving appropriate explanations) 
Thermal efficiency of a vapor power plant in the winter is that in the summer 
i) equal to. ij) less than 

iii) greater than iv) greater than by unity 


Question No. 4 (Mark is 6% of the total mark): 

Consider a refrigerator and a heat pump, both of them taking and rejecting same amounts of heal (Q„ and Q„„ ). 
choose the correct answer and give appropriate explanations 

a) the coefficients of performance of the refrigerator 

i) may be greater than unity, ii) must be greater than unity 

iii I never be greater than unity iv) non of the above 

b) the coefficients of performance of the heat pump: 

i) may be greater than unity . ii) must be greater than unity 

iii) never be greater than unity iv) non of the above 

c) the coefficients of performance of the refrigerator is ...77... the coefficients of perfonnance of the heat 
pump: 

1 1 equal to. ii) less than 

iii) greater than |v) less than by unity 


Question >’<x 5 n»larktt*% of the total mark): 

A simple ideal Brayton cycle is modified lo incorporate multistage compression with iiitercooling. multistage 
expansion with reheating, and regeneration without changing the pressure limits of the cycle. As a result of these 
modifications, deduce with appropriate explanations. 

a) Does the net work output increase, decrease, or remain the same? 

b) Docs the back work ratio increase, decrease, or remain the same' 1 

c) Does the thermal efficiency increase, decrease, or remain the same? 

d) Does the heat rejected increase, decrease, or remain the same’’ 


Question No, 6 (Mark is S% of the lot»l markl: 

Mention five differences between vapor power plants and gas power plants. 


Page I of 3 


ggHtjon No. 7 (Mark » lav. of lhe , 0U | m , rLt . 

'Jne^kg o f a ir undergoes a thermodynamic cycle consisting of three processes 
p ™ l 2: expression at constant specific volume 
Process 2-3; constant-temperature expansion 
Process 3-i: constant-pressure compression 

ZZ!££S2 r “ “ — " » "» A 1 „ ,»,« „ , Applying ihe 

a) sketch the cycle on p-v coordinates. 

b) deteimine the temperature at stale 2, 

c) determine the specific volume at state 3. in tnVkg, 


Question No. g fMark i s 10% „r the total m.rkl- 

uhich are a. 20 T. IX-termme tlx Zer m^m m , 1^’ b > »** “»*&' «• the surroundings, 

a reversible refrigeration cycle operating benscen ***" "*** b> 


Questiyp .No. 9 , M .rk ,s 25-/. , 

■n ~nz?£z rr-r^sr ;? 75- ™ — — - — 

condenser a, a pressure of 20 kPa Steam i! ^ 5 MPa t "*■ * "* 

turbine at 1.0 Mpa and :s compJctelv condensed m th» r u » a ” ‘ stcam ls cxlraclc <i from the 

MPa before ,, mixes wilh tlfe feed uuer ^ ,V ,„! T •*?»• *" J !h '» * « Pumped to 12.5 

compression in both the turbine and the pumps draw the cycle on s A . iSUm,nK an ' scn,,,, P' c expansion and 

dl the thermal etticienev 


B 

r 

c 

PI 

pn 

FWH 

MC 


: Boiler 
Turbine 
' Condenser 
: Pump I 
Pump II 

Feed Water I leatcr 
Mixing Chamber 



Qur Mion Vo 10 tMark is Z5% of the toUl marki: 

A gas power plant operates on the regenerative Brayton cycle between the pressure limits of lilt) and 120(1 kPa 
I he cycle contains two Stages of expansion with inter-reheating and two-stages of compression with 
inteteooling The working tluid is ait Tile air enters the first and the second stages of compressions at 300 k and 
350 k, respectively, and the Tint and the second stages of expansions at 1400 K and 1300 K, rcspectivels 
Assuming both the compressor and the turbine have an isentropic efficiency ot 85 percent and the regenerator 
has an etlcctiveness or 80 percent and using constant air specific heat of I 005 kJ/kg K. draw the schematic 
diagram for the plant and represent the cycle on a T-S diagram then, determine 
ai the back work ratio and die net work output, 
b) the thermal efficiency , 


With beat Mishas 


Dr. Kh . Khodary 
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Answer the following questions 


1 -a) Prove thai , the necessary and sufficient condition for f ( / ) to be analytic in a 
simply connected domain D is f (-)d : — 0 where c is a closed contour in D. 


1 -b) Solve the equation COS : = 5 


I -c) Evaluate 


sin tt z 2 * + cos Kz l 
, (z-l)(z-2) 


dz 


l-d) Find the Maclaurine series of / ( 2 ) = j + _ j and hence find Maclaurine 
series of tan 1 z 


1- e) Evaluate 


— 

Mz+i) 


» 2 


i*i'i 


+4) 


d z 


2- a ) Find the series solution of the D . E . y* +" 4 X y' — 8 y = 0 . pj n( j 

the particular solution that passes through the point (0,2) and having 

y =0.2 at this point. 


2- b ) Find the series solution of the D . E . 4 X -r 2 ^ + y — 0 
3-a ) Evaluate the following integrals 

1 « J 

(0 jv - In z dz (II) j t 3 (1 - e~' ) d I 


0 

4 

('" > JV yj 4 -y J y 

0 

3-b ) Express A 

2 


o 

(iv) j x 4 J,(x ) dx 


and J _i 

** 2 


in terms of sin x and cos x . 


J 


k 





J *«i ) 


3- c ) Prove that . 
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Answer the following questions: 


LUL a_~l* 

i -s-i^ll i ^hL 

AwutiJl i V l f ^9*11 e-e 

r-v / 6 / r a , 0 uusii ^>u 



,_ A) Derive the A.B.C and D constants tor the network consisting of two network hi 
parallel 

B) A three phase ,50Ha transmission line consists of two circuits connected in 
parallel with the following constants 

A,=D|=0 9ZI5" Aj=Dj« 0 95 ZI 2* 

B|= 85 0 Z 82* fi Bj= 80 0 at 84" Q 

C|= 0.0005 Z 90* mho C;= 0 0008 Z 90* mho 

Find the A. II, C and I) constants of the system If the line delivers a load of 
110 0 MW at 0 9 lagging power fketor and 1 12 0 kV, draw the combined 
sending and receiving end power circle diagram and find ■ 

i) I he characteristics at the sending end. the efficiency and voltage regulation 

ii) I he maximum power transferred, the efficiency and corresponding power 
factor 

iii) The required reactive power at the receiving end in oidei to maintain both the 
sending and receiving end voltages equal tc 132 0 kV for load of 1 10 0 MW 
and 0.9 lagging power factor 


2- A) Explain, Disadvantages of low power factor 

B) A generating station supplies power to the following - 
lighting load lOOkW, 

an induction motor 400h p , power factor 0.9 lagging and efficiency 0.95, 
a rotary converter giving I0OA at 500V at an efficiency of0 95 W'hat must be 
the power factor of the rotary converter in order that tiie power factor o r the 
supply station may be unity ? 

3- A) Mention methods of voltage control 

B) Describe, ways of improving the line voltage legulation and comparison between 
scries and shunt capacitors 


4-A) Find the relation between the geneiali/.ed circuit constants (A.B.C and I)) 
B) Figure 1 shows a one line diagram of a simple three -phase transmission 
network The values of the per-unit impedance s aic shown m the Figure 

i) Find the bus admittance matrix, (Y*,). 

ii) Eliminate nodes 4 , 5 and 6 of the circuit of Figure 1 by matrix algebra, 
and draw the circuit described by the resulting matrix 


5> l 50 ? 0 KVA 8 5KV ,hree P hase generator has a subtransieiii reactance of 

. ‘ “ a •connected through a i-V transformer to a -voliase transm.ssmn 

hue having a total scr.es reactance of 80 li At the load end ofthe line is a Y- V 
step -down tranforrncr Both transformer banks are composed of single -phase 
transformers connected for three- phase operation l.ach ofthe three transformers 
composing each bank is rated 6667 KVA .lO-Mf K\ with a reactance of 12 % 
he load, repicsented as impedance is drawing 10000 KVA at 12 1 KV and 85 % 
power factor lagging Draw the rne-linc diagram and mark base KV in the three 
parts ol the system Then draw the impedance digram showing all impedances in 
per unite Choose a base of 10000 KVA .12 5KV in the load citcuil 
Determine the soltage at the terminals of the generator 
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Answer the following questions: 

Ql: Figure shows a mechanical vibratory system. When 8.9 N of force is 
applied to the system, the mass oscillates, as shown in Figure. Determine 
\1, B and K. of the system frornthis response curve. 
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02: Determines the overall transfer function C/R using 

a) Block diagram reduction. b) Signal How graph. 



Q3: a) For each of the following characteristic equations, find the root 
distribution and determine whether the system is stable, marginally 
stable, or unstable: 

i) S 3 8S : + 19 S e 12 =0 

ii) S 4 + 2S 3 + 3S : + 6 S + 1 ~ 0 

iii) S 3 + 2S : + 4S + 8 = 0 

b) For the open loop eain GtSiHiSi^ - M 

S(S-t-5(S + 6KS’ +2St2* 

Find the range of K that the system is stable. 


Q4: Draw the root locus of the following system 

kG(s)H(s)= - k( g- +l) . 

s(s-l)(s + 6) 

I hen determine poles and gain if settling time 4sec, for 2% error to 
step response. 


Q5: Obtain the state space representation for the system shown, if the 
voltages in tire capacitors are taken as state v ariables. Then find the state 
transition maLrix. 


4R 



rtt) 


Q6: a) Transform tire following system to diagonal font). 
Then draw the obtained state diagram. 


0 1 

X <■ 

f 

-4 _5 


o_ 


y=[l 2]X 

I hen, determine whether the given system in (a) is completely state 
controllable and observable or not. 

b) For die system that have the following transfer function 

Y(s) _ s~ -t-15s + 30 
U(s) (s + l)(s : -6s + 8) 

Give the state space in pole-zero form. 
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Answer Ajl fhc Questions 

//Clarify your answer with the suitable sketches as you can 
The firs! question 


a) Derive an expression for the average voltage drop due to commutation 
in 3-$ controlled rectifier. 

b) Explain the function of the Freewheeling diode. 

c) Explain using the I-$ full converter to reverse the direction of rotation 
of DC motor . 

d) Compare between the power transistor and the thyristor. 

The secon d questio n. 

*“♦ COntrolkd brid K e is operated from 220 v 50 Hz supply&the load 
resistive load R=10fl.if the average output voltage is 40%of the maximum 
possible average output voltage. Calculate: 

(a) the deluv angle. 

(b) the rms and average output current. 

(c) the rating of each thyristor. 

(d) the input power factor. 

IThe third questio n . 

A 3- * half controlled bridge w ithout free wheeling diode supplied from 3- <j> Y 
connected 220 v 50 Hz is used to charge a battery of 163 v emf Alias 
internal resistance of 2Q .A dc filter is included in the output circuit to 
maintain the dc current virtually smooth .Find the firing angle(a) 
required to supply 12A to the battery .then calculate: 


(I) 


a) the energy stored in the battery in one hour. 
b> * he rn »s and average SCR currents . 

C) input power factor (pf) 

d) the transformer utilization factor (TUF) . 

e) Sketch considering commutation the waveforms of v 0 j in v 

IjuJilu rth question 4 ’ 04 

A M run converter is operated from 220 v .50 „ z s „ pplv and _ 

symmetrical angle control Th„ i j 

8 control .The load current with an average value of la is 


(a) the outputs v dt . & Vrmt 

(b) the harmonic factor(HF)of input current, 
(e) the displacement factor. 

(d) the input power factor. 

J he fiffh <||iest;» rl 




, » Or. (sat) -l.OV. | lie 

<»ad resistance R^.sn. , he dc supply voltage is v cc =40v & the input 
voltage to the base circuit is v„ =* v .lf R u =0.7a Determine: . 

(a) the overdrive factor ODF. 

(b) The forced B. •»-. 

(c) I he power loss in the transistor p, . 


CdLQdJLjick; 


( 2 ) 




^iUll >iJl *11 . 0 UiAl t— Lit * — «*U 

4—^ J lifilill ij» >_*]! t i— *1^ 

( T ) if ) j^2-ll ^^*11 i-»- ( ^.iwUll ^>*11 i w*i 
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Answer thf following questions: 

1-A) Derive the A.B.C and D constants for the network consisting of two network in 
parallel 

B) A three phase ,50Hz transmission line consists of two circuits connected in 
parallel with the following constants 

A,=D,= 0 9 Z1 5° A2=Dj= 0 95 zfl 2" 

Bj- 85 0 ^ 82° Q B:" 80 0 Z 84° Q 

Ci= 0 0005 Z 90" mho Ci= 0.0008 Z 90° mho 

Find the A. B, C and D constants of the system If the line delivers a load of 
1 10 0 MW at 0 9 lagging power factor and 1 32 0 kV, draw the combined 
sending and receiving end power circle diagram and find - 

i) The characteristics at the sending end, the efficiency and voltage regulation 

ii) The maximum power transferred, the efficiency and corresponding power 
factor 

in) The required reactive power at the receiving end in order to maintain both the 
sending and receiving end voltages equal to 1 32 0 kV for load of 1 10 0 MW' 
and 0 9 lagging power factor 


2-A) Explain, Disadvantages of low power factor 
B) A generating station supplies power to the following - 
lighting load 100kW, 

an induction motor 400h p , power factor 0 9 lagging and efficiency 0 95, 
a rotary convener giving 100A at 500V at an efficiency of 0 95 What must be 
the power factor of the rotary converter in order that the power factor of the 
supply station may be unity 7 


3 -A) Mention methods of voltage control 

B) Describe, ways of improving the line voltage regulation and companson between 
series and shunt capacitors 


4- A) Find the relation between the generalized circuit constants (A, B,C and D) 
B) Figure 1 shows a one line diagram of a simple three -phase transmission 
network The values of the per-unit impedance's are shown in the Figure 

i) Find the bus admittance matrix, (Y*.). 

ii) Eliminate nodes 4 , 5 and 6 of the circuit of Figure 1 by matrix algebra, 
and draw the circuit described by the resulting matrix 



5) A 1 5000 KVA , 8.5KV three - phase generator has a subtransient reactance of 
12 0 o It is connected through a A-Y transformer to a high -voltage transmission 
line having a total series reactance of 80 Q At the load end of the line is a V - Y 
step -down tranformer Both transformer banks are composed of single -phase 
transformers connected for three- phase operation Each of the three transformers 
composing each bank is rated 6667 KVA ,10-100 KV , with a reactance of 1 2 % 
The load, represented as impedance is drawing 10000 KVA at 12 5 KV and 85 % 
power factor lagging Draw the one-line diagram and mark base KV in the three 
parts of the system Then draw the impedance digram showing all impedances in 
per unite Choose a base of 10000 KVA ,12 5KV in the load circuit 
Determine the voltage at the terminals of the generator 
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Answer Ihe following questions: 

l-a)Dcfinc - 

i) Fetran(i EfTccl 

ii) Skin Effect 

iii) The transposition cycle of the conductors 

b) A thicc- phase tiansmission line 8 Km long is to delis er 6 Mw at 33 Kv (line) 
at the receiving end The per • phase icactance of the line is I S3 per Km. and Ihe 
|>owcr factor at the receiving end is 0 *3 lagging If the line voltage at the sending 
end is maintained at 34 7 Kv The resistivity or copper is I 7 p S3 Cm Calculate • 
I) The size of the conductors. II) I lie efficiency of transmission line, and 

III) The power factor at the sending end 


2) A single -circuit 3-phasc 50 Hz transmission line, 100 miles long, has its conductors 
arranged at the corners of a triangle whose sides arc 25. 20 and 1 5 ft in length, and 
the conductors are icgularly tiansposed The conductors ate of diameter 0 5 inch 
and icsistance 0 1 5 S3 per mile per conductor If the line is delivering a full load 
of 100 MVA at a power factor ofO 85 lagging and at 132 Kv Calculate - 
i) The voltage, the current, and the power factor at the sending end 
li) The efficiency of transmission line, and 
ni) The percentage regulation 
Use the nominal fl- method 


3-a)Explain the main types of insulators 

b) ) A suing of suspension msulatots consists of four units Ihe capacitance 
between each link pin and earth is one - tenth of the self capacitance 
of a unit The voltage between the line conductor and earth is 06 Kv Find 

I) Thc voltage distribution across C3ch unit, and 

II) The string efficiency 
Derive any relation used 


4 ) An overhead line has a span of 250 in and is supported al level ground I lie 
conductor has a cross- section of I 29 Cm 7 and weighs I 1 3 Kg/nr I he breaking 
Strength of the conductor is 4220 Kg/ Cm 7 and factor of safety 2 Calculate the 
height of the conductor above the ground level al which it should be supported 
if a minimum clearance of 6 71 m is to be kept between the gi ound and the 
conductor Assume wind pressure of the projected area is to be 40 Kg/m 7 
Derive any relaliun used 


5-a) Compare the weights of copper used in case of single- phase, two- wire system . 
three- phase, lluce -wire system, and three wire direct current system Assume 
the same transmitted power , same maximum voltage between the conductors , 
same losses over a same distance , and the cross sectional area of the neutral 
wire is same that of the outers 

b) A three -wire D C distributor PQ , 250 incites long . is supplied at end P at 
400/200 V and is loaded as under 

Positive side 20 A 1 50 metres from P , 30 A 250 metres from P 
Negative side 24 A 1 00 metres from P , 36 A 220 metres from P 
The resistance of each outer wire is 0 02 (1 per 100 metres and the 
cross - section of the middle wire is one half that of the outer 
Hind the voltage across each load point 


6-a) Make a comparison between DC and AC distribution systems 

b) A three - phase , four - wire system with 400 / 230 V is loaded as follows - 

i) 25 H P three phase induction motor having on efficiency of 90 % and lagging 

power factor 0 85, 

ii) 20KW, three phase load having a lagging power factor of0 9 , 

iii) a single - phase load of 10 KW at unity power factor between R anil N , 

iv) a single - phase load of 5 KW al 0 8 power factor lagging between I) and N 
Calculate the currents in all the four wiies of this three - phase , 

four - v.ire system 
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Answer the fo llowing questions; 


l-a)Definc - 
i)Ferrar.ti EtTeci 
n)Skin Effect 

iii)The transposition cycle of the conductors 

b) A short three- phase transm.ss.on line delivers a balanced load of 250 A 
at a power factor ofO 9 lagging The urtpedance per contort. 
ohm Calculate the sending-end l.ne voltage necessary to maintain the effic > 

of transmission at 95 per cent 


» A ft* ftftft 3-pft* » Hr -r^Sr^-rMwSSr 

SrisSS““ 

of 00 MVA at a power factor ofO. 8 lagging and at 132 Kv Calculate 
i) The voltage, the current, and the power factor at the sending end 
u) The efficiency of transmission line, and 
iii) The percentage regulation 

Use the nominal T- method 


3-a)F.xpiam the main types of insulators 

KA The bus bar conductor of a sub station are supported by post insulators conststing 

* fmt ™ «* »P «•» 

2, iZlaor .> 14 s; KV .»d ».| »««< ft. K' 

Ptaft.ll™ FftMh. ftftw.be— . «•*- bw 

Calculate the string efficiency, derive any formula used 


4 ) The conductor of 132 KV line has a diameter 2 I cm and weight 0 8 kg/ meter 
The ultimate strength being 10000 kg Calculate the height above ground at which 
the conductors with a span of 300 meters should be supported , the factor of safety 
being 2 Wind pressure is 100 kg'm J Ground clearance required is 6 1 meters 
Find out the change in the height of conductor if there is an ice coating of I 0 cm 
Derive any formula used 


5-a) Compare the weights of copper used in case of single- phase, two- wire system , 
three- phase, four -wire system, and three -wire direct current system Assume 
the same transmitted power , same maximum voltage between the conductors , 
same losses over a same distance , and the cross -sectional area of the neutral 
wire is same that of the outers 

b) The load on a D C three -wire system with 400V between outers consists of 
lighting current of 2000 A on the positive side and 1500 A on the negative side 
while motors connected across of the outers absorb 500 KW If at this loading, 
the balancer machines have each a loss of 7 5 KW Calculate the current in the 
neutral, the current in each armature of the balancer set, the total current supplied 
by the generator and the KW loading of each balancer set 


6-a) Make a comparison between DC and AC distribution systems 

b) A three - phase , four - wire system with 400 / 230 V is loaded as follows • 

i) 20 H 1* three - phase induction motor hasing on efficiency of 90 % and lagging 

power factor 0 8, 

ii) 25KW, three phase load having a lagging power factor of 0 9 , 

iii) a single - phase load of 8 KW at 0 85 power factor lagging between R and N' . 

iv) a single - phase load of 5 KW at unity power factor between Y and N , 

v) a single - phase load of 3 KW at unity power factor between B and N 

Calculate the currents in all the four - wires of this three phase , 

four - wire system 
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0u „,„ ln , 

Skftth Ufatls two-pole doubly recited rotary electromechanical cm 
conversion system. with salient rotor and non client sutor nnd coil met 
displaced by an .ogle 8. Neglecting the leakage (lui, sketch the flus paths 
different rotor position and appropriate void recitation to deters 
esprcssioos for self and mutual inductances with reasoning goal >js* 
D,ri ** ** a) * * * e, P r '««>» for the energy stored in a stationary coil with nonlll 
magnetic circuit In terms of flus density and magnetic field intensity, lit 
show that the area of the first quadrant of the hysteresis loop is proportion! 
the hysteresis energy loss during the period of that first quadrant: find 
constant of proportionality. 

Derive an cspriaslon for the energy stored in a coil wilh linear ntagn 
circuit m terms of Ja doctaacy, * 

Derive an espresslon for the electromagnetic force in a doubly, tie 
magnetically, linear translational system in terms of inductances, current, 
the posittou r. 

Mve a logical ot a mathematical esplanalion for the negative sign in Lens' l 
Derive an esprevsion for the romf that results from n balanced two-ph 
wmi ng recited by balanced two-phase currents in terms of position and li 
Draw the repression for two instants and hence deduce sii-l the speed of 
mmr r 

Draw mass and energy flow diagram for fossil furl combustion. 

Aided with illustration Ihe principle of hydroelectric power generating pi. 
using udai basins. ' 

Sketch repnnded s tew of a flat-platr solar collector. 

Questions 2 

A 2-pole motor h>. a single winding in the each of the stator and rotor 0 
angle between the magnetic ait, of the stator winding mamed a) and the rotor . 
(named f> The »elf and tnuiual inductance* of the mo *re: l^.-U-Lw c 

U " U (, f 'V - M cos 0., where 1, , L, . L*. L. and M are r 

const.no Ihe rotor is revolving at a speed « so thst its tnsUnt.neous angular p 
Is grsen by tl - ™t . g .here h is a small phase angle describing the position of (he r 

a) If the rotor wtndmg is recited by n constant d-c l ( and the stator winding cn. 

* vJ '• co ’ <*"•** »" express ion for thr average elcclromagnetic l, 

bl if the rotor and viator windings art eictled bs t coost.nl d-c I, and I 

respectively, derive an repression for Ihe average electromagnetic lorqur 
Qu estion 3 * M 

Fig. 1*3 shows a section of a machine busing two identical stator windings a 
bb in quadrature. The self inductances L... t„ nnd U arc constants Ihe r 


I 


Inductances between the rotor and (be tutor windings arc function of (be angular 
position of (he rotor at follows: _M„ - M coo U,; M„ - M tin ((, • b aod M„ - 0, 
»bere M and h are poaitlte coastaau. The rotor la revolving at a ipeed u an that in 
Instantaneous angular poaition is given by 0 - ml - 8 where 6 it a small phase angle 
describing the poaition of the rotor at t - 0, If the rotor winding it ciclied lit a 
constant d-c I. and the stator windings carried balanced Iwo-phate currents l.( I i » 
v2 I. cos ot and Mti - \2 I, cut cat, dense an eipression for the intlanuneout 
voltages of the stator phases a aod h 

QaaiioflJ 

A composite magnetic circall of varying cross section is shown In Fig. 1*4 (n); the 
iron portion has the B-H characteristic of accompanied Figure (b). Given:: I, -2 1 , 
“ r era; A, “2Ai - a cm' ; I , " 0.D05 l, ; leakage flm Is negligible. Calculau ihe 
energy stored and the coenergy In the air-gap and in iron for an air- gap flus 
density of 0.2 T (employers—- a straight tloe approximation h 
Question^ 

The ralb showa in Fig. PS are separated 5 Cm and citended 2.4 m from the gap ah. 
If B ’ °- 4 * *■ r »" d llte position of the sliding bar b given bv : x= 5.4 t - 3r m (a) 
Find Ibe magnitude of V„ whro t = Im. (b> If ab la aborted and Ihe circuit 
reslaunce is I tlhm, derive an expression for the InsUnuneous mechanical power 
Neglect any change In the magnetic field caused bs the flow of electric curreat 
Fi * M Ftg P4 Fig. PS 
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Answer the following questions: 

I -a) Dcfinc:- 

I) Ferranti Effect. 

II) Skin Effect- 

Ill) The transposition cycle of the conductors . 

h) A short three- phase transmission line delivers a balanced load of 200 A at a 
power factor of 0.8 lagging .The impedance per conductor is 
(0.75+j 1 .0) ohm . Calculate the sending- end line voltage necessary to 
maintain the efficiency of transmission line at 90 per cent . 


2 )A single circuit 3-phasc 50 Hz transmission line. 100 miles long, has its 

conductors arranged ai the comers of a triangle whose sides are 25, 20 and 1 5 ft 
in length, and the conductors are regularly transposed. The conductors arc 
of diameter 0.5 inch and resistance 0. 1 5 11 per mile per conductor. If the line 
is delivering a full load of 100 MV A at a power factor of 0.9 lagging and at 
1 32 Kv. Calculate :- 

I ) Ihe voltage, the current, and the power factor at the sending end. 

II) Ihe efficiency of transmission line, and 

III) The percentage regulation. 

U se the nominal T- method. 


3-a)Explain the main types of insulators. 

h)A string of overhead suspension insulators consists of four units. The capacitance 
between units is 7.0 times of the capacitance between each unit and earthed frame 
work. If Ihe maximum peak voltage per unit is not exceed by 25 KV. Find the 
maximum voltage which the string of insulator can with stand. Calculate the string 
efficiency, derive any formula used. 


4 > 


we! rfl 6 ! 1 “ li “ ion line conduc '«r having a parabolic configuration 
weighM .6 kg m length . area ol cross- section of 2.2 cm' and an ultimate 

anTh " f r k8/Cn I. ' V t>Cn ercCl0d be,WCCn * u PP on » 500 meters apart 
and has mg I 15 meters difference in heighLs . Determine the v ertical sag from 

the taller of the two supports which must be allowed so that the factor of 

**** W,, . h ,he " ire lo ^ ** «o 1 ^ of ice per meter and wind 
pressure is 80 kg/m . 

Derive aiiv relation used. 


5-a) Make a comparison between DC and AC distribution systems. 


hl fhc oad on a DC three -wire system with 400V between outers consists of 
lighting current of .000 A on the positive side and 1500 A on the negative side 
while motors connected across of the outers absorb 500 KW. If at this loading 
the balancer machines have each a loss of 7.5 KW Calculate the current in the 
neutral, the current mtach armature of the balancer set the total current supplied 
b. the generator and the K\k loading of each balancer set. 


6 » A single phase distributor, one Km long has resistance and reactance per 
conductor of 0.05 S2 and 0. 1 n respectively. At the far end. the voltage 
V„ - ..s0 V and the current is 120 A at a power factor of 0.8 lapping. 

At the mid - point A of the distributor, a current of 1(H) A is tapped at 
a power (actor of 0.6 lagg.ng with reference to the voltage V , a. the mid -point 
Cakujate the supply voltage V s for the distributor, the phase angle between V\ 
and V n and the distributor's efficiency. 
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Answer the following Questions 


Subject: Mathematics 
Date :l 2| I |200X 
f ime : 3 Hours 


position v 

m | at time 

t I see. 

[ l 

0 

3 

L 

200 

230 


t road with constant speed v h, | m sec.] its 
:J*» ' b|l Suppose t hat measurements are 


8 

270 


JO 

290 


— -- ■ — - — ■ _j — ~ i | a. r \j «tVO 

lit a straight line to these data by least squares and estimate from iTlhc speed 
I -b) G iven the data 


l * 

0.1 

0.2 

0.3 

> f(.x> 

1 0.70010 

0.4016 

[ 0.1081 


0.4 
-0.1744 


0.5 _ 

-0 4375 


. — - — - * . ' 

tnd an approximate value of the zero of f ( x ) between 0.3 and 0 4 

l-e) Obtain the estimate oi the missing figures in the following table 


x 

IW 


2.0 


0 135 


2.2 


0.1 1 1 


2.3 j 2.4 
0J0QT-- 


2.5 | 2.6 

0,082 0.074 


i i 

2-a) Evaluate / \e d x by Simpson's Rule with/; =10 


2-b) Find the value of > at r =2.6 by using modified Euler’s Methods with 
h ~ 0 2, if v = yjx ' + 4 ~p , y(2.2)-|,5 

2 -c) Apply Kunge Kulta Method to find an approximate value of y when x =0.2 
given that 
dy 

~ x T .v ,y -I when .t - 0 ( take /; -0.1) 


2-d) Compute numerically the first two rows of the solution of the wave equation 

f?'« . d u 

= dx‘ ’°- rSl ' ti0 
with the boundary and initial conditions 
m ( 0 ,/ )=;/( l .;)=0 

Pi; 

u (x ,0) = sin/T.v , — (x,0)-0 

dt 
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QUESTIONS ARE IN TWO PAGES 


ANSWER THE FOLLOWING QUESTIONS: 

Question(l) 

a) Aided with clear sketches, write down the mathematical equations for the 
following terms 

l) Gauss's law 

ii) Divergence theorem in spherical coordinates 

b) Derive an expression of the potential difference between two points A at a 
distance r , and point B at a distance r u from a point charge Q 

c) A line is located in free space on the line y =- 1, z = 2 and it has a uniform line- 
charge density p, = 12 nC/m. determine 

i) The electric field intensity E at point A(4,-2,3) 

ii) The value of a point charge 0 located at point B( -2,4,1) to cause E, to be 
equal zero at point A 

Quostion(2) 

a) Draw two dimensional tlux lines due a positive charge + Q and a nearby 
negative charge Q 

hi Derive the two characteristics of the relationship between potential difference V 
and electric field intensity E at any point. Also write down the voltage gradient 
equation in spherical coordinates 

ct Find the surface charge density induced at point A(2.5,0) on the conducting 
plane z 0 if there is a line charge of 30 nC/m located at x - 0, z = 3. 
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Question^) 

a) Write down Maxwell’s equations in its point fomi for static fields, defining 
each term used 

b) Using Ampere's circuital law derive a mathematical expressions for the 
magnetic field intensity H from p - 0 to p « of an infinitely long coaxial 
transmission line carrying a uniformly distributed total conductor current I in 
the inner solid conductor and - I m the outer hollow conductor, given that the 
inner solid conductor radius is h and the hollow outside conductor inner radius 
is b and its outer radius is e 

Sketch H v ersus p from 0 to w. 

c) Two parallel plates of a capacitor spaced by three different dielectric materials 
with relative permittivity 5, 4, 2 and thickness 2, 3, I mm respectively If each 
plate lias an area of 4 cm' and the total applied voltage is 500 V, calculate 

i) The total capacitance 

ii) The electric field intensity in each dielectric material 

iii) The voltage across each dielectric material. 

iv) The energy stored in each dielectric material 

Questionl4) 

a) Aided with clear sketches, derive expressions that determine the perfect 
dielectric material properties at the surface between two dielectric materials 
when they placed in an external electric field using the boundary conditions. 

b) Derive a mathematical expression for self inductance of two parallel 
conductors 

c) Calculate the force produced on a square loop ABCD carrying current of 2 inA 

in 7 0 plane due to a current carry mg conductor of 1 5 A placed in the y axis 

(z = 0 and x 0). where the coordinates of square loop are A( 1.0,0), B(3,0,0). 
C< 3.2,0), and D( 1,2,0) 


Good l.uck 
Prof. M.A.EI-Khazemlar 
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Question I " 

A linear magnetic system of (ho coils is shown in shown in Fig. I. N, - N, - a turns. 
Si - 28 i- P nun. and A - y mm : . In terms uf a, p. j and others. delertnine (a) The self 
and mutual Inductance* (15 points) lb) the energy stored in the system sshen both 
coih are eicllcd (A point,) 

Q uestion 2 

The machine *hown in the Fig. 2 has three concentrated opcn-circuitcd stator coll* 
each of T turns. The coll* arc arranged symmetrically around the stator. The poles of 
the rotors are so shaped that the flux distribution around the stator periphery due to 
the rotor mraf is sinusoidaL The total flux produced by the rotor rurrent is * wb, and 
the rotor is driven at constant N rpm. 

a) Derive expression for; (i) the rotor constant angular velocity ii) ft as a function of 

,,n,t L (2 points) 

b) For the direction of rotation in the figure and in terms of T. N. t and others, 

derive expressions for (I) ; the llu* linkage of coil a-a* and (ii) e, . : the 

instantaneous craf induced in iL (|2 points) 

c) Write expressions for C*v and e t . c the instantaneous values of the emfs induced 

in coib c*c’ and b-b' respectively. \2 points) 

Question 3 

The electrical circuit of a doubly excited cylindrical machine has similar winding 
on stator and rotor is shown in Fig. 3. The electrical parameters are; statoi 
winding resistance k,; stator winding self inductance L,,; rotor winding 
resistance R,; rotor winding self inductance L,,and mutual inductance Ur. 

a) Determine the average torque produced at a rotor angle of 45 when the 
machine is employed as an actuator with its two windings in series in senes, us 
indicated in the figure and excited from <i)a dc source of 10 volt (n) an ac source 
of 1 15 volt. 60-Hz. 

b) If the stator were excited from a 60-11*. and the rotor from a 25-H/ sourer, at 
what speed or speeds would the machine be capable of energy conversion? (22 
points) 

a) Fx plain, with illustration diagram, domestic utilization of solar heat energy. 

<10 (Hunts) 


c) 


d> 


>»-' - ;;™.“ z. " E.™ Err.; 

r« ... * . ... ... -™ «"■■ •■ “•“^rrsrr: 

maximum tfficicno nilllim 

tt=r^™ir2^^r 
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ANSWER ALL QUESTIONS 


Question( l ) ( 18 Marks , a) = 6 Marks and b) - 12 Marks ) 

a) With hill definitions of all terms used, write down the equations of: 

i) Lorentz force equation. 

ii) Maxwell’s equations in its integral form. 

b) In free space, a point charge Q ~ 10 nC is located at P,(0.4,0) and another point charge Q 2 = 20 nC is 
located at Pj(0,0.4). 

i) Find the electric field intensity at the origin. 

ii) Where should a point charge ~ 30 nC be located so that the electric field intensity at the origin 
equals zero. 


Qncstion(2) ( 20 Marks , a) = 8 Marks and b) = 12 Marks ) 

a) Derive an equation of the capacitance of two charged concentric spheres, the radius of the inner and 
outer spheres are a and b respectively. The inner sphere has a charge Q and the outer sphere hits a 
charge - Q. 

b) Given the potential field V = 60 x 2 y z +• 30 y" V in free space, evaluate at P(2,I,5): 

i) The magnitude and direction of the electric field intensity. 

ii) Tlic electric flux density. 

iii) The absolute potential. 

iv) The volume charge density. 

Question (3) ( 24 Marks , a) = 10 Marks and b) = 14 Marks ) 

a) Using Ampere's circuital law derive a mathematical expression for the magnetic field intensity H 
from p — 0 to p — m of an infinitely long coaxial transmission line carrying a uniformly distributed 
total conductor current 1 in the inner solid conductor and - 1 in the outer hollow conductor, given that 
the inner solid conductor radius is h and the hollow outside conductor inner radius is b and its outer 
radius is c. Sketch H versus p from 0 to cc. 

b) l'wo spherical concentric conductors with the inner spherical conductor is solid and has radius a and 
its voltage is V, . Die outer spherical conductor has inner radius b and outer radius c and it has a 
voltage V; 

Find the charges Q, and Q 2 for the following conditions: 

i) The two conductors are isolated. 

ii) Inner conductor is grounded. 

iii) Outer conductor is grounded. 

iv) The inner conductor is not charged. 

Question(4) ( 23 Marks , a) = 6 Marks and b) = 17 Marks ) 

a) Derive the selt inductance per a unit length of an infinite length conductor having a radius h. 

b) Calculate the force produced on a square loop (ABCD) carrying a current of 5 mA in z = 0 plane due 
to a current carrying conductor of 10 A placed in the y axis ( z = 0 and x - 0 ), where the coordinates 
of the square loop arc: A(1,1,0), B(4,l,0), C(4,5,0), and D(4,5,0). 
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Question 1 ( 20 Marks ) 


a) Derive an expression 

an unequal spacing 

b) Three-phase double circuit are 


sion of line inductance for three phase transmission line with 


arranged as shown in Figure (1). If the diameter oi each 
conductor is 5 cm, find capacitive reactance to neutral and the charging cur.ent per km 
per phase at 220 kV and 50 Hz. assuming that the line is regularly transposed. 

r Tom - 

a O O C> "T" 

5 m ! 


h- 

b O 


12 m 


o 


5 m 


O O' 

Figure (.1) 


Question 2 ( 25 Marks ) 

a) prove that the long transmission line model is: 

'cosh yl 7-c sinh 


Jsj 


-—sinh yl 
L Zc 


cosh yl 


Vr 

I. 


b) A balanced 3-phase overhead transmission line has a total senes impedance per phas 
of 200Z80°Q /phase and a total shunt admittance ol 0.001 3Z90 Q /phase, fhe li 
delivers a load of 80 MW at 0.8 lagging power factor and 220 kV. Calculate: (>) the 
ABCD for T-model representation; (ii) the sending end voltage, current and power 
factor of the line; (iii) the line efficiency and line voltage regulation. 


1 


Question 3 ( 20 Marks ) 

a) Compare between aluminum and copper conductors. 

b) An overhead line is supported between two towers 200 m apart having a difference in 
their levels equal to 10 m. The conductor diameter is 2 cm and weight of 2.3 kg/cm. 
Calculate the position of minimum point of conductor from each tower if the wind 
pressure is 57.5 kg/cm 2 of projected area and a factor of safety is 4. The maximum 
tensile strength of copper is 4220 kg/cm 2 

Question 4 ( 25 Marks ) 

a) (i) What are the main types of distribution systems according to scheme of 

connections? 

(ii) What are the main methods used to improve string insulators efficiency? 

b) Define the following terms: (i) Flashover voltage; (ii) Puncture voltage 

c) A DC ring distributor shown in Figure (2) is fed at point A from 250 V supply. The resistances 

of the various sections (go and return) are indicated in Figure (2). Determine: (i) the current 
in each distributor sections; (ii) the load voltages; (iii) the distributor efficiency. 



(With My Best Wishes) 
Dr. Ibrahim Bedir 
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Second Year/ First Term/ Final Exam 
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Attempt All Questions 


Question 1: Marks: [18] 

a- Distinguish briefly between the following pairs of quantities: [8] 

1 - Renewable and non-renewable energy resources 

2- Energy and co-energy 

3- Self and mutual inductances 

4- Electromotive force and magnetomotive force 

b- Determine the voltage that must be applied to the coil shown in figure to produce a flux [10] 
density of 0.2T in the airgap. The coil resistance is 2.05Q. The core cross section is 
0.04m". Neglect fringing and losses. 



Question 2: Marks: [18] 

a- Show that the two coupled coils shown in figure can be replaced by a single coil having an [8] 
inductance of L a ^L\ J rL2±2M. Show the possible dot marks positions where the third term 
has negative sign. 


M 



L, Lj 

Circuit of Q2-a 


b- When two coils are connected in series, their effective inductance is found to be 10.011. [10] 

However, when the connections to one coil arc reversed, the effective inductance is 6.0H. If 
the coefficient of coupling is 0.6, calculate the self inductance of each coil and the mutual 
inductance. 


Question 3: Marks: [18] 

a- In the scope of your experimental study, show how you can obtain the hysteresis loop for a certain [8] 
magnetic material. Draw the equivalent circuits and state the necessary' equations. What are the 
factors affecting the area of hysteresis loop and hysteresis losses. 
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b- A plunger relay is shown in the diagram. When it is energized the current remain constant [10] 
at 2.0A and the plunger moves such that the airgap is reduced in length from 20mm to • 
10mm. If losses may be neglected, calculate the average force experienced by the plunger 
and the energy taken from source. The airgap at the hole through which the plunger 
armature moves may be neglected. 



Question 4: Marks: |18| 

a- Drive an expression for the magnetomotive force produced by symmetrically distributed windings • [8] 
with 120 shift in space when excitation with balanced three phase currents. 

b- Find the values of main dimensions of a 1000K.VA, 50Hz, 370rpm, three phase generator. The [10 | 
specific magnetic loading is 0.55\Vb/rn 2 and the specific electric loading is 28000 AC/m. Assume 
winding factor 0.955. The fla^fep nxial length is twice the pole pitch (L/t). 


Question 5: Marks: [18] 

a- Derive an expression for the voltage induced on a coil of T turns under sinusoidal variation of flux. [6] 
The flux maximum value is </> with frequency/ 

b- Calculate the pitching and distribution factors for a three phase machine with 96 stator slot, [6] 
6 poles and coil span 1 to 12. 

c- Calculate the loss of energy cased by hysteresis in one hour in 50Kg of iron if peak density [6] 
reached is 1.3Wb/m 2 an the frequency is 25Hz. Assume Stcinmctz index is 1.6 and 
hysteresis loss coefficient as 628J/m\ Density of iron 7.8x ICF Kg/m 3 . 


With Best Wishes 
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2-a) Evaluate 1 - Je" t/x by Simpson s Rule with « =10 


■--b) Find the value of v 
h = 0.2, if y = - 4.4 y 


at x -2.6 by using modified Eulei 
,y (2.2) =1.5 


‘ s Methods with 


2- C ) Apply Runge-Kutta Method to find an 
given that 


approximate value of y when 


dy _ 

dx ~ X +y ’ y =1 when * =0 ( take h = 0.1) 


x =0.2 
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a- Find the Z- parameters of the T-network that has Z a - 8 Q, Z. b = 10 £2, and Z c - 12 £2. 

b- Find the ABCD parameters of the ideal transformer Lhat has turns ratio of 10 : 4. 

c- Find the input impedance of the ideal transformer that is given in (l -a) when it is loaded bv 
a capacitor of 10 micro Farad. 


2- a- Find the Y-parametcrs of the 71-network that has Yj = 0.4 mho, Y2 = j 0.4 mho. and 
Y3 = -j 0.3 mho. 


b- A Common Emitter Amplifier has the parameters. h rc = 0. hj e = 200 £2. h )e - 100, and 
h oe = 1 00 [i mho. Also R E = Rj, = R c = 800 £2, R, - 1 .3 k Q, R 2 - 2.7 k £2, R s = 2 k £2, and 
( T ~ ( - o =2 ° M Farad . Calculate the input im pedance, voltage gain, and the current gain. 

3-a- Show how you could use the operational amplifier to imegrate the following inputs: 

V a = 5 Sin o>t, V], - 5 t, V c = 5 

b- A five bits A/D converter with resolution 0.5, and R,.- = 0.35 LSI'S resistance. 

Dete r mine the output voltage when the input voltage is "1 1010". 

4 - Draw the logic circuit of the following functions, and minimize them, 

F, “C+ABC + AB 

F 2 ~ ABC D + A B CD + AB C D tA BCD 


5- a- Simplify the functions: 

F, =10, 1, 2, 3, 4jS. 7, 8^12, 13 
F 2 - A_ BC B C + A B C + A // C 
F3 - A C + A B I-A5C + BC 
h- Compare between calculating the value of the following 
Product of Sum; 

F = A B + AB + A B + AB 


function as Sum of Products and as 


y • » ^ vIjV&Lji CjTj ; v • ■ ' / v « • A j»LtJ 3 ,j Jy ■ ;-D ^J^.j=ijl TL 

Answer (he following five questions: 


Q(l): For the circuit in Fig. Q 1 

a) Prove that V 0 = -^(V, - V, ) when ^ = — 


R. 


X , 


R 


b) For = ^ , V b = 4.0 V and V cc = i 5 V : 


Ri, R d } 


what range of values for V, will result in linear 
operation? 


v.O 


- \ 


' Tl 


V, 


h" 


Fit:. '}! 


' cc 


-V, <; 


V, 

I 


Q(2): The voltage pulse described by the following equations is impressed across the terminals 
of 0.5 uF capacitor: 

V(i) = 0 t < 0 

V(t) " 5t 0 < t < A 

V(t) - 20 e' (; J} 2 < l <oc 

a) Derive the expressions for the capacitor current, power, and energy. 

b) Specify tiie interval of time when energy is being delivered In the capacitor. 


Q(3): a) Deduce the current response for an Ri circuit with step voltage source. 

b) l’hc current source in the circuit generates the current pulse shown in l ig.. 03. 


There is no energy stored at t - 0. 

1- Derive the numerical expressions for v(t) 
for the time intervals t < 0. 0 < t < 50 us. and 


* w s : : i \ 1 


50 ps < t < <x> 


I 


50 


i*(T) 4K ' 

\:J n 

l 

! 

i \ us) 

;• 'isd. gi t 



2- Calculate v(50‘ its) and v(50~ us; 


I 


Q(4): The switch in the circuit shown in Fig. Q4 has been iii position a ,cn a 
At t = 0 the switch is thrown to position b. Find 

a) V c (t) for t S 0 

b) i(t) for t > 0 




Q(5): The initial energy stored in tlie circuit in big. Q 5 s z 

is applied to the circuit. 

a) What is the initial value of lu and dI L /dt . 

b) What is the numerical expression lor li.(t) when t 0 ? 


0, a dc current source of 20 mA 
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Solve The Following Questions 

Question 1 ( 25 Marks ) 

a) Define The following terms and state the factors that affect each one: 

(i) Skin Effect 

(ii) Ferranti Effect. 

b) A balanced 3-phase overhead transmission line has a total series impedance per phase 
of 200Z80'Q /phase and a total shunt admittance of 0.0013Z90 n Q 1 /phase. The line 
delivers a load of 80 MW at 0.8 lagging power factor and 220 kV. Calculate: (i) the 
ABCD for T-modcl representation; (ii) the sending end voltage, current and power 
factor of the line; (iii) the line efficiency and line voltage regulation. 

Question 2 ( 20 Marks ) 

a) Derive an expression of line inductance for three phase transmission line with 

an unequal spacing. 

b) Three-phase double circuit arc arranged as shown in Figure (1). If the diameter of each 
conductor is 5 cm, find capacitive reactance to neutral and the charging current per km 
per phase at 220 kV and 50 Hz. assuming that the line is regularly transposed. 



10 m 


5 m 


12 m 


b O 


O 


5 in 


'O 



Figure (1) 
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Question 3 ( 25 Marks ) 

a) (i) What are the main types of distribution systems according to scheme of 

connections? 

(ii) What are the main methods used to improve string insulators efficiency? 

b) Define the following terms: (i) Flashover voltage; (ii) Puncture voltage 

c) A DC ring distributor shown in Figure (2) is fed at point A from 250 V supply. The resistances 

of the various sections (go and return) are indicated in Figure (2). Determine: (i) the current 
in each distributor sections; (ii) the load voltages; (iii) the distributor efficiency. 



Question 4 ( 20 Marks ) 

a) Compare between aluminum and copper conductors. 

b) An overhead line is supported between two towers 200 m apart having a difference in 

* i 

their levels equal to 10 m. The conductor diameter is 2 cm and weight of 2.3 kg/cm. 
Calculate the position of minimum point of conductor from each tower if the wind 
pressure is 57.5 kg/cm 2 of projected area and a factor of safety is 4. The maximum 
tensile strength oY copper is 4220 kg/cm 2 


(With My Best Wishes) 
Dr. Ibrahim Bcdir 
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Electromagnetic Energy Conversion 
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Question U 

' " A scries magnetic circuit consists of a permanent magnet, a steel material with assumed infinite 
permeability and an air gap. Derive the necessary condition to minimize the volume of the 
permanent magnet for a desired value of the flux density in (he airgap. 

T ‘ Sh ° w lhat thc lw ° coupled coils shown in FigD can be replaced by a single coil having an 

inductance of L ab -L^-L^M. Show the possible dot marks positions where the third term’ has 
negative sign. 


Question t ♦ 

Foi a singly-excited translational magnetically linear electro-mechanical energy system, derive 
an expression for current, flux linkage and force in terms of stored energy and coenergy. 

Y - fi&- Y shows a solenoid where thc core cross secLion is square. 

i. For a coil current of / (DC), drive an expression for the force on the plunger. 

11. Let the coil have a resistance R and be excite by a voltage of v(/)~V m Sin(o)t). For a 
displacement g between the plunger and the pole. Determine the steady slaLe coil current 
and mechanical force.' 


Question ^ : 

u l' or tw0 magnetically coupled coils, show that the totalstored energy W, is given by: 

v - a) For a doubly excited rotating magnetically linear electromechanical energy system with 
cylindrical start and salient rotor, sketch the space variation of self and mutual inductances. 

b) In a doubly excited rotating system both thc rotor and stator self inductances arc assumed 
constants, the mutual inductance is a cosinusoidal function of thc angular position The two 

windings arc connected in series and carry a current/, = 5V2sin(o>0 . Drive expressions for the 

average and peak values of the torque acting on the rotor lhat rotates with an angular speed © 
rad/sec. 


Question i : 

- - Write no les on t he foil o wi ng : 

a- conversion of solar energy into electrical energy 


Page (V T ) 


b- utilization of geothermal energy for electricity generation 

^ - For an AC excited single phase distributed windirgs of 1 slots: 

i- Deduce graphically the space distribution of the tcsultant mmf. 

ii- Explain the nature of the MMF produced, then 

in- Show that this MMF can be viewed as the resultant of two rotating MMFs in 
opposite directions. 


M 



Fig. 



Fig- ^ 


With Best Wishes 
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Attempt ALL the following questions and problems: 


• Clarify your answer with the suitable sketches as you can. 

• Assume any missed d a t a reasona bly . 


The first question (15 marks) 

Choose the correct answer/ answers for the following statements. It is sufficient to write down the question 
number followed by your choice/choices in your answer sheet: 

1. 

Higher magnetic permeability leads to 

A) higher inductance 

B) lower inductance 

C) more flux leakage 

D) lower iron losses 

2. 

Iron losses depend on 

A) electric supply frequency only 

B) flux level only 

C) area of hysteresis loop of the material only 

D) all the of the above choices 

3. 

Compared with magnetic materials, permanent magnetic material has higher values of 

A) magnetic field intensity (H) 

B) flux density (B) 

C) relative permeability (p r ) 

D1 current 

4. 

Mutual inductance between two coils increases with increase of: 

A) angle between their axes 

B) distance between them 

C) their currents 

D) none of the above choices 

5. 

For mutually coupled coils, if currents are both entering at the dot-marked terminals, coil fluxes 

A) are additive 

B) are subtractive 

C) increase 

D) cancel each other 

6. 

For ideally coupled coils, coupling coefficient is 

A) zero. B) unity C) infinity D) between zero and unity 
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8 . 


B) angle between coils 

C) direction of motion 
Dj du'eciion_o f current s 


9 . 


For dc excitation, induced emf is 

A) always zero 

B) only transfonner voltage 

C) both speed and transformer voltages 
P) only speed volta ge 


10 


11 


12 


r r and ro,or ' «-*y co„v Crsion -«; 

B) only rotor winding is excited. 

C) both stator and rotor windings arc excited. 

^-^^gLgtato^rjgtorjvindi^Js excited. _ 

For a rotating system with salient stator and cyliudricawT 

c> ErSr ‘ 

^2}_3liiSductances(self^i(in^u^)j^ihn^jo^^£^^^^|j^ 0 ^ rotor P os '*' on 

__ C) induction machine ® synchronous machine 

' — — — f>) dc machine 

A two-phase winding excited from a two-pIasTgh^ 

A) a single rotating mmf 

B) two rotating mmfs with anti-direction 
w stationary mmf 
D) Dulsatingmrnf 


Renewable sources of energy has the advantage of 

A) low running cost 

B) low initial (capital) cost. 

| C) cheap equipments 

1— Pi_gontinu ous avai jability 

I T “ ' Ma higher TOI,1 '8“. s °tar ceils~areconnccted 
1 A) m parallel 

B) in series 

C) in series-parallel combination 

l'Krx . .O- . P — 


1.5 


C) wmd speed D) turbine power coefficient 
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The second question (10 marks) 

Which of the following statements is correct? You can write down in your answer sheet the question 
number followed by either S or X mark. 

1 . 

Inductance of a coil increases with increase in magnetic reluctance of its core. 

2. 

For a linear magnetic system, coil inductance does not depend on its current 

3. 

Motional (speed) voltage increases with increasing supply frequency 

4. 

Mutual inductance between two coils depends on their self inductances 

5. 

For linear magnetic system stored energy equals co-encrgy. 

6. 

Direction of electromagnetic torque is to increase inductance 

7. 

Transformer voltage depends on coil inductance variation with position. 

8. 

The mutual inductance between two magnetically coupled coils must be lower than the smaller self 
inductance of each coils 

9. 

For doubly excited rotating system, it is necessary to have some saliency for possible 
electromechanical energy conversion. 

10. 

Distributed winding provides more sinusoidal mmf space variation 


The third question (22 marks) 

1 . 

Discuss what is meant by magnetic flux leakage and fringing in the magnetic circuits; then show' 
how to minimize them. 

(4 marks) 

2. 

With the aid of BH curve of a permanent magnet material show: (4 marks) 

a) the effect of air gap length on the position of the operation point 

b) the point of maximum energy product 

3. 

Explain the dot convention employed to determine the polarity of the mutually induced voltages. 
Then show how it can be determined experimentally. 

(4 marks) 

4. 

For a singly-excited rotating electromechanical energy converter, derive a relation for the developed 
torque in terms of both stored energy and co-energy. 

(5 mark) 

5. 

With the aids of current-flux linkage curves, derive how to determine energy converted into 
mechanical motion from a certain position to another. 

(5 marks) 


The fourth question (28 marks) 

1 . 

For a doubly-excited electromechanical energy conversion device of cylindrical stator and rotor: 

a) Sketch the space variation of self and mutual inductances. (2 marks) 

b) Derive a general expression for the electromagnetic torque acting on the rotor. (6 marks) 

c) Show all the possible electrical machines can be obtained. (2 marks) 

2. 

Show the MMF space distribution a dc-excited coil of uniform air gap, if the conductors are : 

a) concentrated b) distributed in 8 slots (4 in each side). 

Which of the two cases are preferred? Why ? (4 marks) 
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3. 


4. 

5. 


(EpM2M6) 

h anaJvri/'oiiw j < . ' - ~ — 


(4 marks) 


Wpta^ cun-ems, "'“ din S s exci W by W*n«d 

h) Wind turbine characteristics 
C) Components of a photovoltaic generating system. 
dM_w,mi-^r^a^g^emting system. 


(6 marks) 


(15 m arks) 

1- rhfi cVinitN^ 2 jT « 


a^gaML“?„I e ta vr « ’“**■ 

core 8 i made of as ™ StJ B T ,0 °° tU ™- 

following table: S B ' H re!atlon Siven in the 


r 


2 . 


H (AT/m) 

400 

500 

— 

700 

900 

1100 

1400 

B(T) 

0.4 

' 0.6 

— 

0.8 

— — 

1.0 

1.1 

1.2 



the necessary coil current , _ ™ 

ZZ~~ ~ — — L (5 marks) 

“ “ lf ^ mUt “ al ir ' d '‘ C, ““ S 0ftW ° “f" 8 °° ih ofa ^Itipiy-^eited translational system a^T 

^ | _ [‘n ~ ~ and L„ = L 7i = ^ 

hel'd “ ™-,ed series ,0 a voltage supply of 100 cl^Ut). If the displacement * is 

^Sti Un ““ n) 

— (5 marks) 
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(krji )0) J — 

ji O) tj* SjJaelw^l p— ■ Jh >1 -£/• \j\y f kibskii j*—- ^ll ilil» f- \ jj\ ^'i { —I 

Ob — -t f ^ ) * • * • ^ <y J Jj (* • ly jijgl' — v —. > 

^ y>\ JaiU <J Ob^ *— k*5* ) f c,o Ua>- Ols- 

\ * ) .y* 1,^ bjl— * sJaj <j *}y2 iltlS"* lil 

(«Tj.i \ 0) ^U)l Jl J — 5t 

(Ohr ji 0) .isU-1 ^ Sr^l iUUSlj JjSh fcr^oJl O 1 ^ 1 <*—^1+ -t 

: J5 yVl oi*y oJ>-' — v_^ 

- r,v> -^,rn -r,fo - t,av- ^,rr- .,At -r,VA- r.rn- \,\«i 

t,a-. - r.iY — - ,\ <i 

— 4j ^JLL* vuLailj Si j^-L* Sji^USS jJixJi 0 0 Sfl ^iii c-Jt5" ^ y SilUll o>l#t y^ c~il5” 'i^i 

, >j... Ii 1^1 j^ 4 4jtlr^_d .laS Jl ^,---^1'* ^JjJLsr J) 

) *) . j» £ , ~l A =• sjo'^I AIiaJI 
\ 6) dJliSl Jl j-Jl 

'jifjy I *Ja_~» O' f li^ /* f *1 ° , X 1 liOjIvUU ijji JjL_* i ijaij ^ -UiJ ^Jl <k«dl y i\y, 

Vtl j ■ - I! C"V' J_j UJt O'- S”j o'tsv jji \ » U jUi 4,,jlj» V-’ ' a ' J 4' ^ '-via^i IjlOail .iy-ti 

f.\ di ij\j J-' Orji C-AS'j y- t A,VT e5jk-J <j J J >* ° * s£ J*—J '-J <ijiJ AjiyJ 

A—J^ 1 ( ^*-Jah £i*~. ^ US Sh'lkl oLJ. 1 Jy=> **+J* 90 t? jl — '> 

lilSv^ ij t-J SJsiaJI jlSlx 
C‘ v 1 

jjjju j* 

a -Sc S’ Jail—?- .* 

Page: 1 12 



Course 1 itle; CiviF Engineering 
Date: Januar y 2010 (First term) 


D e pa„,„ ero Elec. Power end Machines 

Total Marks; 70 Marks r . 

Engineering 


* Assume any missing data 

Answers should be supported by sketches 


Course Code: CSE2 1 55 
Allowed time: 3 hrs 
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25) tiljtt .kU 

igW* 7) 

. r ' <— i iC. -i 

' t 1 ^ ^ ^ Mb ^jai ^ djjai _i_j 

. , 4j>!I 

^ ^ ^ *** ^ au jai ^ 

E jSa .^r l*i„ =0j3ll ^,3 
S*J» Jib Obl^VI *J ^1 JUJU,. jUl 
40JiJ ' ***“ ^ oijWJwr y3JI 

^ <auU\ jSji _£ 

■‘^ u * ^ Aivsj <aui tiu^jiL 

•M» Laui jl^Vi Jussi Sjjj _t 

,4.«r* Jiioi!! « a)I t nbU ^. ol*i^. V« > p | -v-J 

.4j~>Uil tjiljSj AjjJ! oL»Lu.Vl Cibl^a.VI AJ jjj l K->. _^j 
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. _ _ .LjLa’wdVI 

‘^ J 1 ^ ^ jlJL "' JJS1 jjLJi Ji u, 

XX ^ ^ ^ ^ ^ ysil ^ v> ii^u 

3 / ^'! xr ^ 2o x 2,5 Uj '^ 1 ^ ^ 4o.o 

_ ,7 ^ ^ ^-^4' S ^-> Ojj u> bl villa j JalSH ^ki ^jVl ^ 

r -l-v aNf-lall tl »l^ ti » ^ 


,*-« aj'axll a ik I 
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ajasYI AaLuuJl 
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lhe followin g Options... assume any missing data... answers should be supported by 


Problem number m 


(15 Marks! 


Define The following terms. 

i. Skin Effect 

ii. Transposition 

iii. ACSR 

iv. Flashover voltage 

v. Puncture voltage 


per unit length parameter of a -15 kV, 400 km, 50 Hz, three-phase transmission line are 

y = A2xl0 S/bn and z» (0.1 + 0.5) £2/ km. The line supplies a 150 MW load at unity power 
factor. Determine: (a) the line voltage regulation; (b) the line efficiency. 


Problem n umber 121 


(20 Marks) 


Den ' e a " CX ’ press,on of lu ' e capacitance for three phase transmission fine with an unequal spacing taking 
earth effect in your considerations. s 

Vi", ^ c * pha *f conductors of a three-phase line are arranged at the corners of a triangle of sides 2m, 2.5 
a d 4.5m. If the conductor diameter is 2 cm, calculate the line inductance and capacitance per phase per 
km. assuming that the conductors are being transposed and neglecting earth effect. 


Problem number t.Vi 


(15 Marks! 


Compare between aluminum and copper conductors. 


^?L eqUiVa,ent CapaC ‘ tan ' e arTan S ement shown in Fig. (1), find the voltage distribution over a string of 
three-phase suspension insulators and the string efficiency if the line voltage is 33 kV. 
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Problem number (4) 


(15 Marks) 


Put 0 or ® against the number of the following sentences then correct the false sentences. 

1. 1 he skin effect ot the conductor increases the effective value of conductor resistance. 

2. If the length of overhead transmission line is increased its inductance increases. 

3. If tile power factor of load decreases, the line losses increase. 

4. The sag of overhead transmission line depends on the tension on the conductor, ambient 
weather conditions and conductor material. 

5. The ring main distribution system is not the more reliable distribution system. 

6. If the length of transmitting tower is decreased, the line inductance increases. 

7. By using guard ring, string efficiency is decreased. 

8. The most important cause ot power loss in the transmission line is the line inductance. 

9. A line which connects a consumers to the distributor is called feeder. 

1 0. Suspension type insulators are used for voltage beyond 1 1 kV. 

Problem number (41 (25 Marks! 

The lowers of 40m and 100m respectively support a transmission line conductor at water crossing. The 
horizontal distances between the towers is 500m. If the ultimate strength is 3200 kg and the safety 
factor is 2.0, find the minimum clearance of the conductor and water and clearance mid-way between 
supports. Assuming weight of conductor is 1.5 kg/m and basses of supports at water level. 

A DC two-wire ring distributor shown in Fig. (2) is fed from 250 V at A. the resistance of section AB, 
BC, CD, DE and EA is 0.075 Q. Find: (a) the voltage at each load point; (b) the string efficiency; 
(c) repeat parts (a) and (b) if point A and D is interconnected by an inter-connector with 0. 1 Q resistor. 



Fig- (2) 


(With My Best Wishes) 
Dr. Ibrahim Bedir 
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Pro blem number (t) 


0 


P(x) 


Find: 



1 

2 

3 | 4 r 

15 

8 

^ (71 H 


(a) linear spline form 

(b) Lagrange polynomial of degree 4 

^ ^ NeH,on ' s «»r«.rd and backward 
Pro blem number 

(a) Dcduce the approbating form of f hv centra| djf , c . r£nce 

(b) f roni the following table 


x 


0.5 


rc A,i a(h) is central 


P(x) _ 

l Fi “ d °24 (Rif iirdsorTextrapolation) wh^ 

[approximation of f >(i) and h=] 

Problem nnmh o*- 

(al Dcdnce the form of truncation error by trapezoida. ru,e 
( )r.nd an approximate value of J.J, d , bv Msf 

(j) Trapezoida! rule 
(ii) Simpson rule 

(ui)Gaussian three-point quadratic 
v ,,u Ru (Richardson extrapolation) 

Problem number (4) 

(a)Deduce the form of solution of Fossion 


difference method. 


1 ation u^.- f{x,y) by using finite 


age: 


; of 
u (w.t)=<, u(l, t)=o 

- rc ^ eni niimhor f gj 

r,„rc S om bVrse“ u r„« o?"otf77«r ge S ‘ artin 8 «* (M) and 

° find (|Uadra - *P«». interpolation f„r,n. 

(b)Solve the following boundary 

V TT «* __ v 


y ,T +x v = 


value problem 




Dr: M.S.Nayle 
With my best wishes 
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Remarks: (answer the following questions... assume any missing data... answers should be supported 
by sketches... etc) 


Questiond) (a~6 Marks , b-15 Marks) 

a) Derive an expression for the electric flux density D at a point (0,0, z) due to an infinite 
sheet of charge on the plane z = 0, having a uniform charge density p s C/m 2 . 

b) 1 hree concentric cylindrical surfaces have radii pi = 2.5 m, p 2 = 3.5 m, pj ~ 5 m. 
I he three cylindrical surfaces carry uniform surface charge densities of : 
Psi = 10 nC/m“ , p ,2 = -30 nC/nC , p S 3 = p s respectively. 

i) Find I) at p = 2, 3, 4 m 

ii) Find p s such that D = 0 at p = 6 m 

Question(2) (6=5 Marks , b-15 Marks ) 

a) Using Ampere's circuital law derive a mathematical expressions for the magnetic field 
intensity H from p = 0 to p = ao of an infinitely long coaxial transmission line carrying a 
uniformly distributed total conductor current I in the inner solid conductor and — I in 
the outer hollow conductor, given that the inner solid conductor radius is h and the 
hollow outside conductor inner radius is b and its outer radius is c. Sketch H versus p 
from 0 to oo. 

h) Two parallel plates of a capacitor spaced by three different dielectric materials with 
relative permittivities 5, 4, 2 and thickness 2, 3, 1 mm respectively. If each plate has an 
area of 4 em~ and the total applied voltage is 500 V, calculate: 

i) The total capacitance. 

ii) The electric field intensity’ in each dielectric material. 

iii) I he voltage across each dielectric material. 

iv) The energy stored in each dielectric material. 
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Attempt ALL the followi ng questions and problems: 



* Clarify your answer zvith the suitable sketches as you can. 

• Assume amt missed data reasonably. 

Th< 

Cho 

nuir 

i first question (15 marks) 

osc the correct answer/answers for the following statements. It is sufficient to write down the question 
ber followed by your choice/choices in vour answer sheet - 

1. 

Higher magnetic permeability leads to 

A) higher inductance 

B) lower inductance 

C) more flux leakage 

D) lower iron losses 

2. 

Iron losses depend on 

A) electric supply frequency only 

B) flux level only 

C) area of hysteresis loop of the material only 

D) all the of the above choices 

3. 

Compared with magnetic materials, permanent magnetic material has higher values of 

A) magnetic field intensity (H) 

B) flux density (B) 

C) relative permeability (p r ) 

D) current 

4. 

Mutual inductance between two coils increases with increase of: 

A) angle between their axes 

B) distance between them 

C) their currents 

D) none of the above choices 

5. 

For mutually coupled coils, if currents are both entering at the dot-marked terminals, coil fluxes 

A) are additive 

B) are subtractive 

C) increase 

D) cancel each other 

6. 

For ideally coupled coils, coupling coefficient is 

A) zero. B) unity C) infinity D) between zero and unity 
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12 . 


13. 


B) an gle between coils 

C) direction of motion 
Pjjdirccti on of curren ts 

For dc excitation, induced emf is — — — — — — 

A) always zero 

B) only transformer voltage 
Q both speed and transformer voltages 

- P) onlyj geed voltage 

t“ r “* ro ' or> 

B) only rotor winding is excited. 

C) both stator and rotor windings are excited. 

.jjj^eithcrstatoroj- rot or winding is nxr,„n 

For a rotating system with salient stator and cylindrical 

cj £™~^^n 

— 

__ C) induction machine B) synchronous nuchine 

L>) dc machine 

A A r: ph r w “ dmg ^ g^r 

A) a single rotating nunf 

B) two rotating mmfs with anti-direction 

C ) stationaiy mmf 
Pj _pulsating jn mf 


14 


Renewable sources of energy has the advantage of - 

'v * ow running cost 

B) low initial (capital) cost. 

C) cheap equipments 
discontinuo us availa bility^ 

btam higher voltages, solar cells are connected 

A) in parallel 

B) in series 

Q in series-parallel combination 
of higher vnlta p 

P d D ) (ur binc power coefficient 
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The second question {10 marks) 

Which of the following statements is correct? You can write down in your answer sheet the question 
number followed by cither ^ or X mark. 

1 . 

Inductance of a coil increases with increase in magnetic reluctance of its core. 

2. 

For a linear magnetic system, coil inductance does not depend on its current 

3. 

Motional (speed) voltage increases with increasing supply frequency 

4. 

Mutual inductance between two coils depends on their self inductances 

5. 

For linear magnetic system stored energy equals co-energy. 

6. 

Direction of electromagnetic torque is to increase inductance 

7. 

Transformer voltage depends on coil inductance variation with position. 

8. 

The mutual inductance between two maeneticallv coupled coils must be lower than the smaller self 
inductance of each coils 

9. 

For doubly excited rotating system, it is necessary to have some salicncy for possible 
electromechanical energy conversion. 

10. 

Distributed winding provides more sinusoidal mmf space variation 


The third question (22 marks) 

»■ 

Discuss what is meant by magnetic flux leakage and fringing in the magnetic circuits; then show 
how to minimize them. 

(4 marks) 

2. 

With the aid of BH curve of a permanent magnet material show: (4 marks) 

a) the effect of air gap length on the position of the operation point 

b) the point of maximum energy product 

3. 

Explain the dot convention employed to determine the polarity of the mutually induced voltages. 
Then show how it can he determined experimentally. 

(4 marks) 

4. 

For a singly-excited rotating electromechanical energy converter, derive a relation for the developed 
torque in terms of both stored energy and co-energy. 

(5 mark) 

5. 

With the aids of current-flux linkage curves, derive how to determine energy converted into 
mechanical motion from a certain position to another. 

(5 marks) 


The fourth question (28 marks) 

1. 

For a doubly-excited electromechanical energy conversion device of cylindrical stator and rotor: 

a) Sketch the space variation of self and mutual inductances. (2 marks) 

b) Derive a general expression for the electromagnetic torque acting on the rotor. (6 marks) 

c) Show all the possible electrical machines can be obtained. (2 marks) 

2. 

Show the MMF space distribution a dc-excited coil of uniform air gap, if the conductors are : 

a) concentrated b) distributed in 8 slots (4 in each side). 

Which of the two cases are preferred? Why ? (4 marks) 
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3. 


4. 


5. 


S T r that danced three-phase windings excited bybalanc^ 
mre^ phase cun-ents, produce a single rotating MMF wave. (4 marks) 


ffvehr^otes^wiad yantoges and dis adva ntages of renewab le sources of energy. (4 marks) 


Using suitable clarifications of sufficient data, show the following: 

a) Solar cell characteristics 

b) Wind turbine characteristics 

c) C omponents of a photovoltaic generating system. 

d ) A wind-ener gy-based generating system. 


(6 marks) 


The fifth question (15 marks) 


The relay shown in figure has mean core length of 40 cm. The 
air-gap lengths are 2 mm each. The coil has 1000 turns. The 
core is made of a steel having B-H relation given in the 
following table: 


H (AT/m) 

400 

500 

700 

900 

1100 

1400 

BCD 

0.4 

0.6 

0.8 

1.0 

u 

1.2 


2 . 


the n ecessary coil current. 


(5 marks) 



spring 


The self and mutual inductances of two exciting coils of a multiply-excited translational system are: 

^ti = ^jj = . 3 f and 1 8 


1 + 2 * “ •“ \ + 2x 

held at 40 cm* “ 3 V ° l,a8C SUPP ‘ y ° f 100 cos < 3l4t >- ,f the displacement x is 

a) current (as a time expression) (5 marks) 

b) _averagejbrce (5 marks) 


Good Luck and best wishes 
Prof. Essam Eddin M. Rashad 
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PROBLEM #1(10 mark) 


The velocity distribution for the flow of a Newtonian fluid between two wide, parallel 
plates is given by the equation 

3vr /?y 

2 [ \h ) J 


Where V is the mean velocity. The fluid has a viscosity of 0.04 pa. s. When 
V~ 2 m/s and h — 0. 1 m determine: (a) the shearing stress.acling on .the bottom 
wall, and (b) the shearing stress acting on a plane parallel to the walls and 
passing through the centerline (mid plane). 

PROBLEM # 2 ( 10 mark! 



A closed tank contains compressed air and oil SG 0 ii - 0.9 as is shown in Figiuer U- 
tube manometer using mercury SGa g = 13.6 is connected to the tank as shown. For 
column heights hi - 36 cm, I 12 - 6 cm. and h$ — 9 cm determine the pressure reading of 
the gage. 




PROBLEM # 3 (10 mark! 


W ater flows through the pipe contraction shown in Fig. For the given 02-rn 
1 I^:— ' leV ' U dMCn,,i,1<i ' hC n ° W “ 3 diameter of 



PROBLEM # 4 (10 mark) 

Automobile engine that operates on tour-stroke produced the brake power 94 kW at 

speed 2000 rpm, number of cylinder 6 cylinder, cylinder diameter 80 mm and stroke 
length 1 08 mm. 

Calculate: 

a- Stroke volume 

b- Engine capacity 

c- Brake mean effective pressure 

d- Torque 

PROBLEM #5 (15 mark} 

A plane wall 0. 1 5m thick, internally generates heat at a rate of 6x10" W/nv 
> ne stde of the wall is insulated and the other side is exposed to an cnvironniTa, 

S T Ie r Sfer , COe ‘f iCD ' bC ' WC “ th0 Wa " “ d the envlr °nmom is 750 

ntaximumtemperatumm “ V “ y * ** “ 20 *• 

PROBL EM# 6 f 15 mar k) 

A centrifugal pump deliver 0.2 m J /s discharge of the water from suction reservoir to 
< c hvery teservotr. The static suction head 5 m blow the atmospheric pressure and 
“ “ dehVe,y h “ d 18 » -he atmospheric pressure. Diameter of" 1 
" ‘ j plpe 11 20 c “ and len » h of suction pipe 5.5 n, and length of delivery pipe is 
•hen,' the fnetton tactor of ptpe material 0.04 m. Determine the shaft power input to 
*ne pump. Given pump efficiency 0,86. ^ 
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Problem number (1 ) 


(20 Marks) 


a; Hie following data of the velocity of a body is given as a function of time in the 1 0 Marks 
following table. 


' (s) 

4 

7 

1 v(7) (m/s) 

22 

24 


10 


37 


run 


46 


W hat is the besL estimate ot the distance in meters covered by the body from f~ 5 

to / -15 using combined Simpson’s rule and Trapezoidal rule. 

b) Consider the following approximation: 

rw^fidxrV o 

2 h 

1 Derive this approximation using Taylor's Theorem. 

2. Give the accuracy of the above approximation. Your answer should be 
something like 0{lr)l 

3. Use Richardson extrapolation technique to reduce the truncation error to 
an orderOfA 4 ). 

4. Let / (x)-r find an approximate value of /' ' ( 0 ) with the result given 
by part 3 , using *=0.1. 


10 Marks 


Problem number (21 


U5 Marks! 


a) Consider the following data 


X 

1.4 

1.8 

2.2 

/(*) | 3.12 

2.81 

1.70 


5 Marks 


♦ Construct the divided difference tabic for the data. 

• Obtain Newton’s interpolating polynomial o estimate f (1.6). 

h) Use cubic spline to approximate the value of / ( 1 .6 ) - 5 Marks 

u C omment on the sentence "Polynomial interpolating continuous function at 5 Marks 
equally spaced points may not converge to function as number of data points and 
polynomial degree increases”. (Hint: this is best illustrated by Rtmge’s 
phenomena). 


P.T.O. 
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Attempt ALL the following questions and problems: 



' ^ twrn uu IL'lllS. 
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Llarijy your answer with the suitable sketches of complete data as uou can. 

1 * Assume any missed data reasonably 


The first question (14 marks) 

Choose the correct answer/attswent for the following statements. It is sufficient to write down the 
questionnumbei followed by your choicc/choices in your answer sheet- 

1. 

1 

I 

Nonlinear magnetic characteristics leads to: 

A) distorted magnetizing current B) higher inductance 

£> higher power loss Dlinducing an cmf 

2. 

Iron losses depend on 

A) electric supply frequency only B) flux level only 

.. C) area ol hysteresis loop of the material nnlv m oil -l t 

— 

3. 

— 1- — — inuiwiai uzu\t u) au me oi the above choices 

I ermanent magnetic material has relative permeability (p r ) of 

A > ,nf,nit y B) unity 

— — - / ' et0 D) negative 

4. 

Mutual inductance between two coils does not depend on 

A) angle between their axes B) distance between them 

C) their currents D) material of magnetic path between 

them 

5. 

For mutually coupled coils, if currents are bolh leaving at the dot-marked terminals, coil 

A) are additive B) arl , sublractive 

- Qjncrcase D) cance| each oth „ 

6. 

Foi perpendicular coupled coils, coupling coefficient is 

B)_unity C) infinity D) between zero and unity 

7. 

I- or dc excitation, induced emf is 

A) always zero B) only tansfomier voltagc 

C]_both speed and transformer voltages D) onlv speed voltage 
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8. 

A system with cylindrical stator and rotor, electromechanical energy conversion is possible 
if: 

A) only stator winding is excited. B) only rotor winding is excited. 

C) both stator and rotor windings are excited. D) either stator or rotor winding is excited. 

9. 

For a rotating system with a cylindrical stator and salient rotor: 

A) mutual inductance is NOT function of rotor position 

B) rotor sell inductance is NOT a function of rotor position 

C) both rotor and rotor sel f inductances are functions of rotor position 

D) all inductances (self and mutual) are functions of rotor position 

10 

A rotating system with ac excitation for stator and shorted rotor circuit is called a 

A) reluctance machine B) synchronous machine 

C) induction machine D) dc machine 

11 

A three-phase winding excited from a three-phase supply gives 

A) a single rotating mmf B) two rotating mmfs with anti -direction 

C) stationary inmf D) pulsating mmf. 

! 12 

Conventional fossil sources of energy has the advantage of 

A) low running cost 13) safe operation. 

C) economically feasible D) continuous availability forever 

13 

To obtain higher currents for the same voltage solar cell modules are connected 

A) in parallel B) in series 

C) in series-parallel combination D) with a battery of higher capacitv 

14 

1 

The most effective quantity on the available mechanical energy at shaft of a wind turbine is: 
A) air density B) turbine diameter C) wind speed D) turbine power coefficient 

The second question (10 marks) 

Which of the following statements is correct? You can write down in your answer sheet the 
question number followed by either S or X mark. 

1 , 

- 

To reduced hysteresis losses, magnetic circuit is made of isolated laminations. 

• 

For non-magnctic materials, the B-H relation is linear. 

3. 

Polarity of induced voltage due to self inductance depends on currents in coupled coils. 

4. 

Direction of developed electromechanical torque tends to increase relucancc. 

5. 

Mutual inductance between two coils depends on their self inductances 

6. 

Coupling, coefficient between coils increases with increase in leakage flux 

7. 

1 ransformcr voltage depends on supply frequency 

8. 

For nonlinear magnetic system stored energy equals co-energy. 
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9. 

* 15 N0T t0 ^ * possible 

10. 

Concentrated winding provides more sinusoidal mmf space variation 

The third question (24 marks) 

1. 

Gi\ e detailed notes on the properties of magnetic materials. (4 m . 1r w) 

2. 

dcrivethfneee C ' rCUlt C ° ntams a p ' m of a permanent magnet material and an air-gap, 

— — (4 marks) 

3. 

.“roSrjJ" 1 lndUCtanCeS betwecn *"» ™^ ti ca Ily -e„ U p,ed coils in 
(4 marks) 

4. 

bo. two magnetically-coupled coils, show that the total stored energy IV, is given by: 
w t = y Ai^i 2 + J l 22 i\ ± M rj 2 


where fi and I 2 are the currents in the two coils. 

L n and L 22 are the self-inductances of the two coils. 
M is the mutual inductance between the two coils. 


(4 mark) 


^~' P DCtWeCn ,0taI flUX linkage " r “ d curre "‘'” i " of a magnetic circuit > 

6 / 


A = 


6 . 


2 i + 1 

Determine the energy stored in the magnetic fieid when X is varied from zero to 2 Wb.t 

. (4 marks) 


ihe coil, wound on the center limb of the 
magnetic circuit shown in figure has 250 
turns and a resistance of 3 Q. The uniform 
cross-section of the magnetic circuit is 10 
cm . The relative permeability of the iron 
part of the circuit is infinitely high. It is 
required to produce a flux of 25 mWb in the 
left air-gap. Determine 


0.5 mm 


1U 

T 


c 

) 

( 

) 

) 


1.0 mm 


JIT 


a) the value of the dc voltage that to be applied to the coil terminals. 

b) the value of the flux in the right air-gap. 


(2 marks) 

(2 marks) 



Iu 0 mm‘Tx1iiT a l C J e r^ mCCh " niCal T l ' sy co " v « sion derive expressions for 

_ urrent, flux linkage and force m terms of stored enemy and coenergy. (4 mar ks) 
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o; v ^1 _jJl iVla^JLUU J 

mechW^l of cul J ent ' flux lmka § e curvcs > derive how to determine energy converted into 
m echanical motion from a certain position to another. (4 marks ) 


t inarKsj 

^ y "T mg system with saliency associaled with both the stator and the rotor, 
stator self inductance has maximum and minimum values of 0.4 H and 0.2 H 

cnTnu r y ’ white maximum and minimum values of the rotor self inductance are 0.6 PI 

* l ?‘t r rC T y - The maximum value of the mutual inductance between the two coils 

notin' i an express,0n for thc lOTC I ue act mg on the rotor as a function of the angular 

Linst romr n T * A “ d r0t ° r CUrrcnt is °' 5 A ‘ Sketch the variation of torque 

against rotor angular pos ition. ^ marks) ^ 


The fifth question (22 marks) 


1. 

doublv IS CXpreS „ S !° n , for the el octromagnctic torque acting on the rotor of an AC 

.wt d u eV ! Ce ‘ lhe dev,ce has a cy,indrical stator and a salient-pole rotor. Then 

show how can this device be used as: ( 4 ^ 

1 - 1 synchronous machine. (2 marks') 

Reluctance machine. a marks) 

2. 

Shov\ that the sii gle-phasc winding excited from an AC supply produces a pulsating MMF 

^site directions ' ^ ^ ^ ** VieWCd the rCSuItant of two rotatin S mmfs in 

- — ( 

3. 

Gi\<; detailed notes on sources of electrical energy 

(4 marks) 

4. 

Only i-sing suitable diagrams of sufficient data, show the following: 

a ) ^ photovoltaic generating systen.. 

b) A wind-energy-based electric gcnerafcng system 

(2 marks) 

(2 marks) 


Good, Luck and best wish> s 
p ro/ Exam Eddin M. Rasim i 
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ANSWER ALL QUESTIONS 

Questiond ) (a = 5 Marks, b- 12 Marks) 

a) Using Gauss's law, derive an expression for the electric field intensity E at a point P(i,0/F) 
due to a point charge Q located at the origin. 

b) Three concentric cylindrical surfaces have radii : pi =2 m, p 2 - 4 m and p 3 - 6 m carry 
uniform charge densities of : p$i — 20 nC/trf , p s 2 = - 4 nC/m . and p s .i nC/m respectively. 

i. Calculate I) at r = 1, 3, and 5 m 

ii. Compute p^ such that D = 0atp = 7m 


Question(2) 


(a = 5 Marks, h = 12 Marks) 

a) Aided with clear sketches and defining each term used, derive the potential diltcrence due to 

an infinite line charge between two points A and B. 

b) Two spherical concentric conductors with the inner spherical conductor is solid and has a 
radius a and its voltage is Vi. The outer spherical conductor has itmer radius b and outer 
radius c and it has a voltage V 2 . Find the charges Qi and Qj for the following conditions. 

i. The two conductors are isolated. 

ii. The inner conductor is grounded. 

iii. The outer conductor is grounded. 

iv. The inner conductor is not charged. 

Question(3) (a = 6 Marks. b= 1 / Marks ) 

a) Using Ampere's circuital law derive a mathematical expressions for the magnetic field 
intensity II from p = 0 to p - 00 of an infinitely long coaxial transmission line carrying a 
uniformly distributed total conductor current I in the inner solid conductor and - 1 in tne 
outer hollow conductor, given that the inner solid conductor radius is h and the hollow 
outside conductor inner radius is b and its outer radius is c. 

Sketch H versus p from 0 to co. 
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b) HZ 5 y , ,hrCC differeM With relative permitmtics 

<o,auppSXr-oooVcX;:r ,,vely ' ,reach piaie has - ~ «* - *>» 

i. The total capacitance. 

ii; Hie electric field intensity in each dielectric material 
m. 1 he voltage across each dielectric material 
iv. rhe energy stored in each dielectric material. 

S ^ tion ( 4 > 

a) ,o fX ‘l 0ar Ske,Che !’ d<:riVC “ Cxprcssi0n for ,he few intensity a, point P due 

to a current carrying conductor of finite length 

b) ;n p f charge % 5 nc is ioca,cd - 

midway between the two point charges. ‘ ? ' ’ ’ free Space - CaIculate V al a P° ,nt 

Q uestion (5 } (a = 5 Marks b = }2 Marksi 

J) ^f d t Wllh dear f Clch ’ appI >' the boundary conditions on the surface separating two perfect 

XT-m" B2, ° “* ** »"*» "-Jo, a!,: D 

anu Dctwecn b) and E 2 m terms of 0i , e, , 0 2 and c . 2 . 
b) ,hC f0rC ! produted on * *P“» loop ABCD, in the 2 - o plane, carrying a current of 

placed raiT^XXo'x^o' ^Tf a" f” '° 3 tUrrCm Canying ““‘‘“'or of 15 A and 
the square loop arc: A( 1 ,0,0), BftO.O), cktS'alld Wl Tof' * ° f 


Good Luck 
Prof. M.A.El-Khazendar 


Coutse Exa mination Committee 

Prof. M.A. F.l-Khazendar 
Dr. S. Alam 

Course Coordinator: Prof. M.A. El-Kliazendar 


Prol. E..Vf. Rashad 
Dr. R. El-Sehicmy 


Problem number (3) 


(15 Marks) 


a) Derive the following multi-step method: 

^i+t = a \ y f +h[bj (x., y, )+i 2 /(x,_ t , y,_,)] 

<* Choose the constants a^.b. and b 2 so that this method has the highest 
order of local truncation error. 

♦ Apply this technique to solve the 1VP y *=x -y +1, j/(0) = l at 

y ( 0 . 2 ) 


10 Marks 


b) Consider the following system 


5 Marks 


yt ]) (x)=y 2 -y? , >'2 i) (x)=x +^,+>>3 , yi ,> (Ar)=>’ 2 -_y 1 2 

y,(0) = l,y 2 (0) = 0,7 3 (0) = l. 

Approximate Y (0.1) by taking a single step of size 0.1 using RK2 method. 
(Note that: Y (x)- 1 y ,(x ),>\.(x ),y,(x )]' ). 


Problem number (41 


(35 Marks) 


a) I he conservation of heat can be used to develop a heat balance for a long, thin 15 Marks 
rod by the following BVP: 

T~+k(T„-T) = 0. ~(0 )=r, and T(_l.) = T, 
dx 

f or a 1 0 m rod with T a = 200, T { = 0, T ? = 400 and k ~ q,05 . 


Conviction 


. ;*> .tr*. ...... . . 


T.. 


T a 


Conduction 


T, 


In details, use finite difference method to solve tills problem numerically by 
dividing the rod into five equal parts. 


10 Marks 


and 


b) 1 he displacement of a stretched square membrane subjected to a uniform 
load is governed by V 2 u = -lOx , 0<r 53.0<y <3 

it (x , y ) - 20x 4- 30y , on the boundaries. r l‘ake h~k— 1 , find the approximate 
displacement using finite-differences. 

c) find an approximate solution to the wave equation 10 Marks 

cYu d 7 u 

TTT = 4*— ~t> x £ (0, 1), 0 <t < 1, that satisfies the conditions: 

at 9x 

it (0. t ) - 0, m ( 1, / ) = 0 , 0</ <1, and the initial conditions 
d (x , 0 ) — sin kx , u t (x , 0) — 0, 0<x<l.Take h =0.1 and k =0.05, 
for only two levels. 

With my best wishes 


Dr. Wahced Rama! Zahra 
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») 


b) 


b) 


Problem number (If 


(10 Maries) 


A three-phase double circuit line has the conductors at the comers of a hexagon as shown in Figure (1). 

(i) Find the capacitance and inductance per phase per km in terms ol side D and conductor radius r; 

(ii) It'D =* 3.5m and r - 1.09 cm find the capacitance per phase per km and capacitance per conductor 
per km; (iii) If the line voltage is 132 km and line length is 100 km. find the charging current and 
charging megavoit ampere. 

-0 0 f ' 


/3 D 


>0- 


2D 

■d 

i- 




/ID 


Problem number (2) 


I). 

Figure (1 ) 
(20 Marks) 


O’ 

-I 


Define the following terms, illustrate your answer with suitable sketch: 

i. Skin Effect. 

ii. Transposition of overhead transmission line. 

iii. Ferranti Effect. 

iv. Puncture and flashover voltage of an insulator. 

lire per unit length parameters of a 220 kV, 200 km. 50 Hz, three-phase transmission line are 
y = /7.5x !0' 6 S/km and z = (0.1 4 j0.5)Qf km . The line supplies a 100 MW load at 0.8 lagging 

power factor. Determine: (i) the line constants ABCD, using n model; (ii) the line voltage regulation; 
(iii) the line efficiency; (iv) the load impedance at maximum power received to load and then calculate 
maximum power. 


Problem numbe r (3) 


(20 Marks) 


Discuss why: 

i. Poeelain rs the most commonly used material for insulators. 


ii. Pin insulators arc used for low voltages while suspension insulators arc used for high voltages. 

iii. The voltage distribution across the uniis of a string insulator is not uniform. 

For die a string insulator shown in Figure (2). find value of Cj, C 2 and c-, tor uniform distribution 
distribution over (he siring. 

I>. T. O. Pagfelfl 



Problem number 1 4) 


(20 Murks) 


Derive a formula for mechanical tension at general point p(x.y) as a function of mechanical tension at 
lowest point of conductor supported at two lowers with equal height, and then determine the 
mechanical tension at the two supports. Finally evaluate the actual conductor length between the two 
supports. 

A transmission line over a hillside where the gradient is 1:20 is supported by two 22 m height towers 
with a distance of 300 in between them. The lowest conductor is supported at 2 m below the top of 
each tower. Find the clearance of the conductor from the ground if the conductor weight is 1 .0 kg/m, 
the maximum tension is 3000 kg and safety factor is 2.0. 


Problem number (5) 


(20 Ma iks) 


A DC two-wire ring distributor with intereomieetor between B and D is shown in Figure (3). It is fed 
from 250 V at A and the resistance of sections AB. 8C. CD. DE, EA and Bl.) is 0.1 Q. Find: (i) the 
current through distribution sections; (ii) the voltage at each load point; (iii) the Distributor efficiency. 



(With My Best Wishes) 
Or. Ibrahim B. M. Taha 
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8. 

For a rotating system with uniform air gap, electromechanical energy conversion is possible 
if: 

A) only stator winding is excited. 

B) only rotor winding is excited. 

C) both stator and rotor windings are excited. 

D) either stator or rotor winding is excited. 

9. 

For a rotating system with a cylindrical stator and salient rotor: 

A) only stator self inductance is a function of rotor position 

B) rotor self inductance is a function of rotor position 

C) both stator self inductance and mutual inductance are functions of rotor position 

D) all inductances (self and mutual) are functions of rotor position 

10 

A rotating system with ac excitation for stator and dc excitation for the rotor is called a 

A) reluctance machine B) synchronous machine 

C) induction machine D) dc machine 

The second question (10 marks) 

Which of the following statements is correct? You can write down in your answer sheet the 
question number followed by either S or X mark. 

1. 

To reduce leakage flux in a magnetic circuit, air gaps are to be increased 

2. 

For non-magnetic materials, the B-H relation is linear. 

3. 

Motional (speed) voltage increases with increasing supply frequency 

4. 

Mutual inductance between two coils depends on their self inductances 

5. 

For linear magnetic system stored energy equals co-energy. 

6. 

Direction of electromagnetic torque is to increase inductance 

7. 

Transformer voltage depends on coil inductance variation with position. 

8. 

Th p mutual inHnrtanne hptwee.n two magneticallv coupled coils may be lower than the 
smaller self inductance of each coils 

9. 

For doubly excited rotating system, it is necessary to have some saliency for possible 
electromechanical energy conversion. 

10. 

Distributed winding provides more sinusoidal mmf space variation 


The third question (20 marks) 

1. 

Discuss what is meant by magnetic flux fringing in the magnetic circuits; then show how to 
minimize it. (4 marks) 

2. 

With the aid of BH curve of a permanent magnet material show the effect of air gap length 
on the position of the operation point (5 marks) 
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Final EXAM 2011/2012 - First Term Energy Conversion (EPM2106) 
For two magnetically-coupled coils, show that the total stored energy W, is given by: 

W, =jL u lf +jL 22 ll ±M I 

where I| and I 2 are the currents in the two coils. 

L]i and L 22 are the self-inductances of the two coils. 


4. 


M is the mutual inductance between the two coils. (5 mark) 

A magnetic circuit has three parts in series. The first part has a length of 10 cm and 2 cm 
cross section area and made of a magnetic material of infinite permeability. The second part 


is an air gap of 2.5 cm 2 cross section area and 4 mm length. The third part is made of a 


permanent magnet material having the following BII curve data: 


H (kAT/m) 

-55 

-50 

-45 

-40 

-30 

0 

B (T) 

0 

0.35 

0.8 

1.0 

1.1 

1.25 


It is required to establish a flux density of 0.8 T in the air gap. Determine the dimensions ot 
the permanent magnet of minimum volume. (6 marks) 


The fourth question (25 marks) 

1 . 

For a singly-excited rotating electromechanical energy converter, derive a relation for the 
developed torque in terms of both stored energy and co-energy. (5 mark) 

2. 

With the aids of current-flux linkage curves, derive how to determine energy converted into 
mechanical motion from a certain position to another. (5 marks) 

3. 

Sketch the space variation of self and mutual inductances for a doubly-excited 
electromechanical energy conversion device having saliency in both stator and rotor. (5 marks) 

4. 

The electromagnet relay shown in figure has 1000 turns. 

The reluctance of the iron parts can be neglected. 

a) If the air-gap length is 1 mm, what is the current required 

to develop a force of 30 Newton? (3 marks) 

b) If the air-gap length is 2 mm, what is the current required 

to develop the same force of 30 Newton? (3 marks) 

c) What is the energy stored in the air-gap volume for the 

conditions in part a and part b? (4 marks) 

i 

►— 

( 


3 

3 

0 

- - - 



The fifth question (20 marks) 

1 . 

For a doubly-excited electromechanical energy conversion device of cylindrical stator and 
rotor: 

a) Derive a general expression for the electromagnetic torque acting on the rotor. (8 marks) 

b) Show all the possible electrical machines can be obtained. (4 marks) 

2. 

Show the MMF space distribution a dc-excited coil of uniform air gap, if the conductors are 
a) concentrated b) distributed in 8 slots (4 in each side). 

Which of the two cases are preferred? Why ? (8 marks) 


Good Luck and best wishes 
Prof. Essam Eddin M. Raslwd and Exam Committee 


Pane 3 of 3 


* • i* 

TANTA 

UNIVERSITY 



' ! 


Electrical Poiver and Machines 
Department 



Faculty of 
Engineering 


Final EXAM 2011/2012 - First Term 


Course 

Energy Conversion (EPM2106) 

Time Allowed 

3 hours 

Students 

2nd Year (Electrical Power and Machines) 

Total Mark 

90 

Date 

Sat. 16 th January, 2012 

Number of pages 

3 


Attempt ALL the following questions and problems: 

• Clarify your answer with the suitable sketches as you can. • Assume any missed data reasonably. 


The first question (15 marks) 

Choose the correct answer/answers for the following statements. It is sufficient to wnte down the 
question number followed by your choice/choices in your answer sheet: 

1 . 

Self inductance of a coil depends on 

A) Number of coil turns B) Core material 

C) Coil current D) All the above 

2. 

Iron losses depend on 

A) electric supply frequency only B) flux level only 

C) area of hysteresis loop of the material only D) all the above choices 

3. 

Compared with magnetic materials, permanent magnetic material has higher values of 

A) magnetic field intensity (H) B) flux density (B) 

C) relative permeability (D r ) D) current 

4. 

For dc excitation, induced emf is 

A) always zero B) only transformer voltage 

C) both speed and transformer voltages D) only speed voltage 

5. 

Mutual inductance between two coils increases with increase of: 

A) angle between their axes B) distance between them 

C) their currents D) none of the above choices 

6. 

For mutually coupled coils, if currents are both entering at the dot-marked terminals, coil 
fluxes 

A) are additive B) are subtractive 

C) increase D) cancel each other 

7. 

For ideally coupled coils, coupling coefficient is 

A) zero. B) unity C) infinity D) between zero and unity 
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Problem number ( 4 ) (16 Marks) 

(a) The conservation of heat can be used to develop a heat balance for a long thin rod. If the rod is 
not insulated along its length and the system is at steady state. The equation that results is : 

r + rj(T a -T) = 0 , T(0) = 7 ; and T(L) = T 2 

For L — 10 m rod with T tl =20 , 7 (0) = 40 , 7X10) = 100 , 77 = 0.01 use finite difference 
method to solve this problem numerically by dividing the rod into five equal parts. 

(b) Use the linear shooting method to get the solution of the BVP (by applying Euler's method). 
y n = y-xy' + 2x+2/x y(\) = 0 , y{2) = 41n 2 , h = 1/2 

Problem number ( 5 ) (16 Marks) 

(a) Approximate the solution of the one-dimensional parabolic PDE 
U xx (x,/)= U t (x,0 0 < x < 1 and 0 < t < 0.15 , where 
U(0,t) =U(l,t) = 10 and 0<t<0.15 
U(x,0) =-• 1 0 + 1 Ox (x - 1) 0 < x < 1 , use h = 0.25 , k=0.05 

(b) Determine the vertical displacement U(x, t) of a uniform perfectly flexible string of a constant 
density that is lightly stretched between two fixed points 0, L. Consider the wave equation given by 
U xx (x,/) = U„(x,/) , 0 < x < 2 , 0<(<1 

U(0, t) = U(2, t) = 0, U t (x,0) = 0 

subject to 

(7(x,0) = 16 x 2 (2-x) 2 0 < x < 2 with h = 0.5, k = 0.25 


Good luck 

Dr. Manal Mohamed ITekal 
Dr. Waheed Kamal Zahra 
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Remarks: (Answer the following questions. Assume any missing data...) 


Problem number ( 1 ) 


(19 Marks) 


(a) Consider /<*) -2*V + I, *-1.1.5, 2.5. Determine the coefficients of I,, grange 
interpolation to evaluate approximate value of f( 2) . 

(b) ° Ctermine lhe poIynomial of de S ree using Newton's divided differences that 
interpolate the data in the following table: 


X 

1.0 

2.0 

3.0 

5.0 

7.0 

/O) 

14.5 

19.5 

29 

87.5 

161 

( c) In a hiolog 

y study, the growth ol a bacteria culture recorded the following 

data: 


t 

2.0 

5.0 

8.0 



h(t) 

5.0 

9.0 

18.0 



estimate the number of bacteria at t = 4 and t = 6. 

Problem number (2) (IS Marks) 

(a) Let /(*) = * cos* -3* 1 . Approximate /'(I .2) , /"(I .2) using h -0.1 with errors of the 
order /?' and h 2 respectively. 

(b) By applying Richardson extrapolation technique, we can reduce the truncation error to 
approximate the first derivative of a function. Derive Richardson formula and the bound of 
error that is of order /; 4 . 

(c) Determine the number of subintervais n required to approximate the integral 

2 

J( cos x + X 4 ) dx , with an error E r less than 1 0“ 4 using the Simpson's composite rule. 

Problem number ( 3 ) (16 Marks) 

(a) Euler s method is the simplest method of all the numerical techniques for solving IVPs. Derive 
loinuilas for local and global truncation errors of this method. 

(b) Use the Adams third-order predictor-corrector method to obtain an approximation to the 
solution of the IVP: / = yx~ 2 ,x e [l,2] . y{ 1) = 2 with h = 0.25 . Obtain the starting 
values using second-order Runge-Kutta method. 

P.T.O. 
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6 ?: 


A, Find, and plot the electric field intensity and. potential everywhere doe to a point charge 
Q which located at the center of a spherical conducting shell of radii a and h (S Maries) 

B. The plane z * 0 is a perfectly conducting surface. A point charge of 5 nC is located at 
A(2, -3, 6), and a point charge of - 8 nC is located at 8(4, 3, 1), 

i- Determine V at a point midway between the two charges. 

if- Find y if V~0 at C (5, y, 1 ). (8 Marks ) 

C Evaluate the force produced, on a square loop connecting points A(1,0,0), B(3,0,0), 
C(3,2,0) and D(l, 2. 0) which carries a current of 2 mA in counterclockwise direction 
due to a current carrying conductor of 15 Ain the y-axis. (7 Marks) 



A. Drive an expression for the magnetic fl aid strength due to an infinite line carries 

curren 1 1 directed in positive z-axis direction. (7 Marks) 

hvduate the magnetic field strength at the point P(2, 2, 0} at the center of square loop 
of 2 met&r length located at z 0 plane and carries current 5 A in counterclockwise 
direction as shown in the figure. (8 Marks) | 


C. 


Let a magnetic flux density B « (0.5 x) a* Tesla as in the figure. The position of the 
sliding bar is given by x=~ 4t«2t 2 mater, if the separation of the rails is 10 cm. 

1- Calculate the voltmeter reading at t =0.5 second 
Calculate the voltmeter reading when x~*l meter 
ill- Plot the voltmeter reading for 0 < t < 3 second (10 Mark s) 




“ wish " you aul rei"Mf 


Dr. Ayman Kobaiiah 

End of Exam: Page 2/2 
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A, Using Gauss's law., derive an expression for the electric field intensity E at: a point P a 
r adial distance a meter from a uniformly charged infi nite line by pi C/m. 


B. Let a point charge Q1 ~ 25 nC be located at point Pi (4, -2, 7) and a charge Q 2 ~ 60 nC at 
?2 (-3, 4, -2) in free space. 

L Hod Eat Fa (1,2, 3). 

1L Specify at what point on the y-axis is E* «Q. 

ui Detenalne the location of a point charge Qp « "30 nC to cancel the field at the origin. 
Iv. How mue.lt electric Bux lea ves the surface of a sphere of radius 10 m centered at the 
origin? (3.0 Marks) 

C. a volume charge is distributed throughout a sphere of radius at meter and centered at 

the origin with uniform density p £/m 3 . Senate the electric field and total energy 
stored due to this charge distribution. f 5 Marks) 


M 


(SbiESj 


a. Find the work done In moving a S pC charge from fee PI (1,8 ,5)to P(2, 18 , 6) through 
electric field S - (~4xyja, - (4r )a y +e.,¥fm along the path; y**&+s>z™x + 4 (S Ma rks) 

B. Consider a circular line charge (ring) Is placed in z~0 plane and centered at the origin in 
which the fine charge density Is k e/m.. Mcidate rise electric potential at a point at seaxis 
away distance h from the center. f 5 Marks) 


G 


A potential field in the free space is defined by V— ,# y + By 2 2 Volt. Fm& 
n The volume charge density establishes this held, 
b- The electric field intensity and the potential at point P (1, 3, 2). 
iur The potential difference between A (1, 2, 3) and B (2, 3, 1). 
iv- The total charge inside cube defined by 0 < x, y, 2 ? < 3. 


OILIfatt) 


Please Turn Over 


Page % 


Question (4) (18 Marks) 

a) Derive an expression for the sag in transmission lines between supports at the same level. 

(6 Marks) 

b) An overhead line with copper conductors is supported on two towers 200 m apart having a 

difference in level of 10 m. The conductor diameter is 2 cm and weighs 2.3 kg/m. Calculate 
the sag at the lower support under the conditions if wind provides a pressure of 57.5/m 2 of 
die projected area and a factor of safety is A. The maximum tensile strength of copper is 
1220 kg/cm 2 . (12 Marks) 

; Jucstion (5) (1 8 Marks) 

a) Compare between the weight of copper used in 3-wire and 2-wire DC distribution system. 

(6 Marks) 

b) A distributor Alt of 600 m is fed from both the ends at 250 V and is loaded with loads of 

100 A. 50 A and 80 A at distances of 200. 300 and 500 m respectively from the feeding end 
A. If the maximum allowed voltage drop is 5 V, find the resistance in ohm/m of the 
conductor. (12 Marks) 


With my Best Wishes 


Dr. Doaa Moklitar 

and Examination Committee 


Page: 2/2 


/ V 


Tania 
University 



Department: Elec. Power and Machines Engineering 
Total Marks: 90 Marks 




Faculty of 
Engineering 


Course Title: Electrical Power Engineering ( 1 ) 
Date: Jan 23 rd 2012 (First term) 


Course Code: EPM2105 
Allowed time: 3 hrs 


Year: Second year 
No. of Pages: (2) 


Answer all the following questions: 


Question (It 


(12 Marks) 


The six conductors of a double circuit 
transmission line are arranged as shown in the 
figure. The diameter of each conductor is 2.5 
cm. Find the capacitive reactance to neutral 
and the charging current per Km per phase at 
132 kV and 50 Hz, assuming that the line is 
regularly transposed. 


7m 


O 


O- 


*0 


9 m 


O 


o 


o- 


Question ( 2 ) 


(24 Marks! 


a) Explain using phasor diagram the Ferranti effect. 


(4 Marks) 


b) Derive an expression for A, B, C, D constants for two networks in series having constants 

A|, B|, C„ D| and A 2 , B 2 , C 2 , D 2 . (4 Marks) 

c) A 3-phase transmission line ol length 150 km delivers a load of 50 MW at I 10 kV and 0.8 

lagging power factor. The line has a resistance, inductive reactance and capacitive shunt 
admittance of 0.1 Q/phase/km, 0.5 Q/phase/km and 3x|(T 6 niho/phase/km, respectively 
Using nonunal-T method, determine: ( )6 Marks) 

1 . The efficiency. 

2. The regulation of the line. 

3. The charging current. 


Question (31 


(18 Marks) 


a) Mention the different types of insulators used in transmission lines. (4 Marks) 

b) What is the reason ol unequal voltage distribution over suspension insulators? Mention three 

methods to improve this voltage distribution. (5 Marks) 

c) The sell capacitance of each unit in a string of three suspension insulators is C. The shunting 
capacitance of each insulator to earth is 0.15 C while the capacitance between the pin and 
the guard ring is 0. 1 C’. Calculate: 

i. The voltage across each insulator as a percentage of the line voltage to earth. 

ii. String efficiency. 


P.I.O. 


(9 Marks) 
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and delivery pipe is 20 cm and length of suction pipe 5.5 m and length of delivery 
pipe is 20 m. the friction factor of pipe material 0.04 m. Determine the shaft power 
input to the pump. Given pump efficiency 0.86. 


5-What are Ti, Ij, and fr in the wall shown in the following Figure 



6 Ctrl 


T 4 cm T 4cm *| 



100‘c Tj 


25° C Tj T r 


6-Detennine the value of maximum temperature and its position of the wall with 
the uniform distributed heat source having volumetric rate of heat generation q v = 
8*10 w/m , the plate thickness 10 mm and thermal conductivity of the plate 
material K=20 w/m.°c, the surface temperature of the plate are T W | = 80°C , T W 2 = 
80 "C 


With my best wishes 


Tanta university 
Faculty of Engineering 
Elect. Power Depart. 
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Autombile engine that operates on four-stroke engine produced brake power 94 
kw at speed 2000 rpm, number of cylinder 6 cylinder, cylinder diameter 80 mm, 
stroke length 108 mm. 

Calculate: 

a- Stroke volume 

b- Engine capacity 

c- Brake mean effective pressure 

d- Torque. 


2- The velocity distribution for (he flow of a Newtonian fluid between two wide, 
parallel plates is given by the equation 



Where V is the mean velocity. The fluid has a viscosity of 0.04 pa. s. When 
V= 2 m/s and h = 0. 1 m determine: (a) the shearing stress acting on the bottom 
wall, and (b) the shearing stress acting on a plane parallel to the walls and 
passing through the centerline (midplane). 

1 he mercury manometer of Fig. indicates a differential reading of 0.30 m 
when the pressure in pipe A is 30-mm Hg vacuum. Determine the pressure in 
pipe B. 


r 



4- A centrifugal pump deliver 0.2 m J /s discharge of the water from suction reservoir 
in to delivery reservoir. The static suction head 5 m blow the atmospheric pressure 
and static delivery head 1 8 m above the atmospheric pressure. Diameter of suction 


